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Hometown: Santa Fe, N.M.
Current Residence: Sierra Madre, Calif.
Current Position: Partner in Von Bluecher, Blea, Hunkin 
Inc., Equine Medicine and Surgery, a five-veterinarian 
Thoroughbred racetrack practice in Southern California.
 
Describe how you ventured 
into equine veterinary 
medicine?
My family always had 
riding horses and, 
eventually, racehorses. My 
grandfather would take us 
riding after school and on 
weekends. When my family 
moved to New Orleans in 
the 1970s, my father 
trained racehorses, and my 
brother and I were at the 
track helping him every 
chance we could. 

As time passed, I decided to 
start galloping racehorses, 
and eventually started 
riding in races in the early 1980s. I enjoyed the people and 
the horses at the racetrack, and when my brief career as a 
jockey ended, a trainer that I rode for suggested that I go to 
vet school. I always knew that my life would involve horses, 
and his advice resonated deeply in me. 
 
What issues in equine veterinary medicine are top priorities 
for you and why? 
We, as equine practitioners, are losing our respected role as 
the voice of authority for the health and welfare of the 
horse, and we, as a profession, need to figure out how to 
regain that role in the face of escalating challenges from the 
lay individual.

Currently there are farriers taking radiographs and 
providing a diagnosis and treatment; lay dentists 
performing medical procedures without proper training; 
drug companies selling bulk product to trainers, farms and 
owners without a valid VCPR; and the list goes on. 
Government agencies are in place to protect the public from 
the veterinarian, yet there is no protection from the 
unlicensed paraprofessionals. 

Another issue that is important to me is medication 
uniformity and integrity in horse racing. AAEP has played 
an integral role in improving the sport and continues to 
focus on what is best for the horse, its members, and the 

industry. As an association, we need to keep our focus on 
what is best for the horse.   

How has your AAEP membership influenced your career?
Through the years I have been fortunate to meet and 
interact with many AAEP members who provided 
mentorship, while others became great friends and 
colleagues. It is an organization of talented, ethical and 
passionate individuals who share a common goal. Because 
of these relationships, I have become a better practitioner in 
many regards and have come to appreciate organized 
veterinary medicine and how to solve problems within the 
context of organized associations.  
 
What do you consider to be your greatest contribution to 
the equine veterinary profession?
I’m not sure I’ve reached that pinnacle yet. I’m quite proud 
that many of the students who have externed with our 
practice left us with a better appreciation of veterinary 
medicine at the racetrack, a better understanding of the 
industry, and a respect for the racetrack practitioner. 

What goals do you have for your term as AAEP president?
One of my main goals is to resurrect the veterinarian’s role 
as the expert for the health and welfare of the horse. As a 
profession, we are well trained for this role; however, we are 
not well branded, nor are we vocal about our position. 

Other goals are to continue:

 
 of the equine practitioner

How have your experiences as a veterinarian and member of 
the AAEP prepared you to lead the association?
I’ve learned to listen more and talk less – qualities that have 
served me well in practice. It’s critical to listen to the 
discussion to determine if, in fact, an issue exists before 
attempting to resolve any conflict. As a racetrack practitio-
ner, my job is to solve problems and promote the success of 
the team; that applies to my role in AAEP as well.

Please describe your interests outside of veterinary medicine.
I enjoy spending quality time with my wife and our two 
daughters. Our favorite place to go is Jackson Hole, Wyo., 
where we just truly enjoy the outdoors and its beauty. Fly-
fishing in Wyoming is something that I truly enjoy, and I 
hope to improve my technique in the years to come.

Meet 2014 AAEP President Dr. Jeff Blea

Dr. Jeff Blea
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Practitioners, others overcome adverse weather to make Nashville a top-5 convention

Nashville is known for its country music stars, but the 
city’s real stars Dec. 7-11 were the 6,592 equine 
veterinarians, students, guests and exhibitors who 
persevered through inclement weather and travel delays 
across a wide swath of the United States to make the 
AAEP’s 59th Annual Convention the fourth-most 
attended ever. 

Their perseverance was rewarded with an outstanding 
educational program that featured 200 presentations 
and discussions during 34 educational sessions. Near-
capacity attendance was commonplace in the meeting 
rooms during many of the featured sessions, and the 
critical area of lameness received special attention as 
the focus of at least one session each day. 

Supplementing the leading-edge information presented 
during the educational program were the latest 
technologies, services and products for equine practice 
from 340 trade show exhibitors. Students, meanwhile, 
benefited from a significantly expanded student 
program that included dry labs and career development 
sessions with veteran practitioners.

“While the weather certainly presented some initial 
challenges, it didn’t diminish the enthusiasm of 
attendees,” said AAEP Executive Director David Foley. 
“I sincerely thank our program chair, Dr. Jeff Blea, and 
the entire Educational Programs Committee for 
assembling a program that received strong praise from 
attendees for its depth and practicality.” 

AAEP Touch campaign launched

During the opening session on Dec. 8, the AAEP 
launched Touch: Tools to Connect to Your Clients and 
Their Horses. Touch is a long-term investment into the 
practice success of AAEP members based on extensive 
research with thousands of horse owners and trainers. 
For more information about AAEP Touch, see the article 
on page IX.  

More than $84,000 generated for  
AAEP Foundation

Combined proceeds from the live auction held during the 
17th Annual Foundation Celebration, the second annual 
sporting clay shoot tournament and from individual 
donations totaled more than $84,000 in support of the 
AAEP Foundation’s mission to improve the welfare of 
the horse.

Annual awards bestowed on five members

Five AAEP members were honored during the Dec. 10 
President’s Luncheon for their outstanding service on 
behalf of the horse and the association. Congratulations 
to the following 2013 honorees:
Distinguished Educator Award (Academic) –  

Dr. Frank Nickels
Distinguished Educator Award (Mentor) –  

Dr. Barrie Grant
Distinguished Life Member Award –  

Dr. Benjamin Franklin Jr.
Distinguished Service Award – Dr. Harry Werner
President’s Award – Dr. Edward Kanara

The 2014 Officers took office during the Dec. 10 President’s 
Luncheon. From left: Dr. Jim Morehead, treasurer; Dr. Ann 
Dwyer, immediate past president; Dr. Jeff Blea, president;  
Dr. Kathleen Anderson, vice president; and Dr. G. Kent 
Carter, president-elect.

Fun and philanthropy merged at the Wildhorse Saloon during 
a sold-out Foundation Celebration. 
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Lameness spotlighted during Milne Lecture

Equine orthopaedic expert Dr. Sue Dyson equipped a 
standing-room only crowd of equine practitioners with 
the advanced knowledge necessary to diagnose and treat 
lameness during her Dec. 9 Frank J. Milne State-of-the-
Art Lecture “Equine Lameness: Clinical Judgment Meets 
Advanced Diagnostic Imaging.”

Describing the diagnosis of lameness as both art and science, 
Dr. Dyson said longeing is superior to trotting in hand on 
a circle during a lameness evaluation because it is easier to 
assess how the horse is holding its body, which may be an 
adaptation to pain. When observing a horse with a rider on 
its back, the practitioner should be cognizant of the rider’s 
proficiency because a good rider can mask the appearance of 
lameness while a less-skilled rider can induce the appearance 
of lameness. 

A transcript of Dr. Dyson’s presentation can be found in the 
2013 AAEP Convention Proceedings book, beginning on 
page 92.

Osteoarthritis researcher awarded  
2013 Past Presidents’ Research Fellow

Colorado State University doctoral candidate Dr. Brad 
Nelson received the 2013 AAEP Foundation Past Presidents’ 
Research Fellow for his research that seeks to detect 
cartilage injury in the early stages of osteoarthritis, which 
would enable 
institution 
of earlier 
treatments 
that have 
better success 
providing long-
term comfort 
to the horse.

The $5,000 
grant, made 
possible 
through the 
monetary 
contributions 
of AAEP past 
presidents, is awarded annually to a doctoral or residency 
student who has made significant progress in the field of 
equine health care research. Dr. Nelson was recognized 
during intermission of the Frank J. Milne State-of-the-Art 
Lecture on Dec. 9.

Researchers from Virginia Tech, Texas A&M receive 
2013 EQUUS Foundation Research Fellows

Virginia Tech equine surgery resident Dr. Kendra Freeman 
and Texas A&M University post-doctoral research 

associate Dr. Amanda-Jo Joswig received the 2013 EQUUS 
Foundation Research Fellows for their work to advance 
veterinary knowledge. Each received a $5,000 fellow during 

intermission 
of the Milne 
Lecture to 
support their 
endeavors in 
equine research.

Dr. Freeman’s 
research 
evaluates 
the effect of 
tendon repair 
techniques on 
intrinsic tendon 
vasculature. 
Meanwhile, 
Dr. Joswig’s 
research 
investigates 

the use of mesenchymal stem cells (MSCs) in equine 
corneal ulcers as well as the safety of allogeneic MSCs used 
subconjunctivally.

The fellows are supported in partnership by the AAEP 
Foundation and The EQUUS Foundation.

Kester News Hour articles available online

Equine Veterinary Journal is offering complimentary access 
until Feb. 3 to all of the EVJ and EVE articles discussed 
during the Kester News Hour on Dec. 8. The articles are 
available at http://bit.ly/1hYXWmm. 

Kester News Hour articles may also be requested through the 
Texas A&M Medical Sciences Library Get It For Me service, 
which is a free benefit of your AAEP membership. A Get It 
For Me account is required and can be established at no cost. 
Bibliographies and instructions are available at http://guides.
library.tamu.edu/aaep. 

Reporting of CE credits 

Convention attendees are reminded to report their continuing 
education credits using the CE form that was included in the 
packet received at registration. Attendees who have misplaced 
this form should contact the AAEP office at (859) 233-0147 
or aaepoffice@aaep.org to request a replacement form.

From left: AAEP Foundation Chairman 
Dr. Wayne McIlwraith, 2013 EQUUS 
Foundation Research Fellow recipient Dr. 
Amanda-Jo Joswig, AAEP President Dr. 
Ann Dwyer and EQUUS Foundation board 
member Dr. Rick Mitchell.

Dr. Brad Nelson, center, receives the 2013 
AAEP Foundation Past Presidents’ Research 
Fellow from 2013 AAEP Foundation 
Chairman Dr. Wayne McIlwraith and 2013 
AAEP President Dr. Ann Dwyer.

http://bit.ly/1hYXWmm
http://guides.library.tamu.edu/aaep
mailto:aaepoffice@aaep.org
http://guides.library.tamu.edu/aaep
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Nominate a distinguished researcher for the 2015 AAEP Milne Lecture

Nominations deadline is January 30

Nominations from the AAEP membership are being 
accepted until Jan. 30, 2014, for the 2015 Frank J. Milne 
State-of-the-Art Lecture.

The Milne Lecture was created in 1997 to recognize an 
individual with a distinguished career in research and 
discovery, and who has presented and published their 
findings in a specific area of equine health. The lecture is 
intended to honor the accomplishments of the presenter 
and bring a meaningful learning experience to the AAEP 
membership. The lecture is a perspective on the state-of-
the-art in the presenter’s area of expertise.

The award recipient will be determined by a 
subcommittee of the AAEP Educational Programs 
Committee in February 2014 and then presented to the 
board of directors for approval. The selected individual 
will deliver their lecture and be presented with their 
award at the AAEP’s 2015 Annual Convention in  
Las Vegas, Nev.

Nominees should be an 
expert in their field with 
a track record of 
accomplishments and 
the ability to relate the 
topic to the audience. A 
detailed nomination 
letter is required and 
must include 
qualifications and 
accomplishments of the 
nominee.

Nomination letters for 
the 2015 Milne Lecture 
must be submitted by 
Jan. 30, 2014, to Carey 
Ross, AAEP scientific 
publications coordinator, 
at cross@aaep.org.

Dr. Sue Dyson delivers the 2013 
Frank J. Milne State-of-the-Art 
Lecture “Equine Lameness: 
Clinical Judgment Meets 
Advanced Diagnostic Imaging.”

Thanks to the following members who volunteered time 
and expertise for AAEP programs during the period May-
December 2013.

AAEP On Call

Dr. Larry Bramlage – Belmont Stakes on NBC from 
Belmont Park; Fourstardave Handicap on NBC 
from Saratoga Racecourse; Breeders’ Cup World 
Championships on NBC and NBC Sports Network from 
Santa Anita Park

Dr. Stephen Carr – Diana Stakes, Jim Dandy Stakes, 
Alabama Stakes, Sword Dancer Invitational, Bernard 
Baruch Handicap, Forego Stakes and Woodward Stakes 
on NBC Sports Network from Saratoga Racecourse

Dr. Scott Hay – Whitney Invitational Handicap on NBC 
from Saratoga Racecourse

Dr. Wayne McIlwraith – Breeders’ Cup World 
Championships on NBC and NBC Sports Network from 
Santa Anita Park

Dr. Scott Palmer – Preakness Stakes on NBC from Pimlico 
Racecourse; Hambletonian on CBS Sports Network from 
The Meadowlands; Adirondack Stakes and Saratoga 
Special Stakes on NBC Sports Network from Saratoga 
Racecourse; Foxwoods King’s Bishop Stakes and Travers 
Stakes on NBC from Saratoga Racecourse

Dr. Mary Scollay – Kentucky Derby on NBC from 
Churchill Downs

Ask the Vet
Dr. Kerry Beckman – Reproduction 
Dr. Christina Dayton-Wall – Immunizations: Have You 

Vaccinated Your Horse(s) Yet?
Dr. Lydia Gray – Nutrition
Dr. Christina Hewes – Colic
Dr. Rebecca Linke – Tendon and Ligament Injuries and 

Rehabilitation
Dr. Frank Reilly – Summer Eczema/Summer Itch
Dr. Phoebe Smith – Infectious Disease

Dentistry Short Courses
Dr. Dave Bell and Dr. Roxy Bell – University of Montreal
Dr. Tom Daugherty and Dr. Jon Gieche – University of 

Georgia
Dr. Dave Foster and Dr. Travis Boston – University of 

Pennsylvania
Dr. Jeff Reiswig – The Ohio State University
Dr. Bruce Whittle – Iowa State University

Farrier Short Courses
Dr. Steve O’Grady – Louisiana State University

Horsemanship Short Courses
Dr. Casey Gruber and Dr. Jordan Cook – Ontario 

Veterinary College
Dr. David Hayes – Tufts University
Dr. Joan Norton – Purdue University
Dr. Mike Rogers – University of Missouri
Dr. Caroline Smith – North Carolina State University

AAEP Working For You

mailto:cross@aaep.org
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Determined to raise awareness in hopes of mitigating a 
burgeoning and unfortunate trend, the AAEP in April 2005 
initiated a dialogue among equine industry stakeholder 

groups to address the plight 
of the unwanted horse in 
the United States. That 
dialogue – formalized as the 
Unwanted Horse Summit 
– spawned creation of the 
Unwanted Horse Coalition 

(UHC) with a mission to reduce the number of unwanted 
horses and to improve their welfare through education and 
the efforts of organizations committed to the health, safety, 
and responsible care and disposition of these horses.  

Placed under the auspices of the American Horse Council 
in June 2006, the initiative’s timing proved opportune as 
the issue of unwanted horses would come into sharper 
focus soon thereafter as a result of a combination of 
factors, including the economic downturn, overproduction 
in the breeding shed, closing of the nation’s processing 
facilities and high cost of euthanasia and carcass disposal. 

The AAEP is a founding member – and one of 27 
members in total – of the UHC and supports the coalition 
through annual grant funding from the AAEP Foundation, 
whose mission to improve the welfare of the horse meshes 
with that of the UHC. In fact, one of the UHC’s most 
visible programs, Operation Gelding, was instituted by the 
Foundation and continues to benefit from an annual grant 
specifically earmarked to the program. 

Since inception of the Operation Gelding Program in 
2010, support from the AAEP Foundation has helped 
fund the castration of 837 stallions in 28 states. Not only 
do the castration clinics help prevent a future generation 
of potentially unwanted horses, they often provide 
equine veterinary students with practical skills training in 
the procedure. 

“With the support of the AAEP Foundation, the 
Operation Gelding Program has become an industry 
role model for castration grant programs and has aided 
in the castration of almost 1,000 stallions and helped 
organizations around the country host over 70 clinics in 
the past three years,” said UHC Director Ericka Caslin. 
“We are truly grateful for the continued support of the 
Foundation that has helped benefit so many unwanted 
horses and horses in need.”

Additional grant funding from the AAEP Foundation 
supports the UHC’s varied and ongoing efforts to fulfill its 
important mission. 

With education as a primary focus, the UHC is an 
information-rich resource for horse owners and others. Its 
website, www.unwantedhorsecoalition.org, provides a list by 

state of more than 700 facilities 
that accept horses as well as a 
directory of available resources 
for horse owners in need, 
including grant opportunities, 
haybanks, feedbanks, vaccination 
programs, castration clinics and 
more. 

Relevant information is also 
disseminated through the UHC 
Ambassador Program, which 
includes approximately 150 
volunteer subject matter experts 

available by request to speak on the UHC’s behalf at equine 
events. Each ambassador is provided with a PowerPoint 
presentation and supplemental materials to distribute.  

These materials and other brochures, flyers and documents 
– produced by the UHC and by its member organizations, 
including the AAEP – are available for free download on the 
UHC website or in hardcopy format. Among them is Best 
Practices: How Your Organization Can Help Unwanted 
Horses, a handbook for creation and operation of programs 
and activities to assist the unwanted horse based on already 
established and successful initiatives. 

As an industry-wide response to an industry-wide issue, 
the UHC is making inroads into the predicament of the 
unwanted horse and will continue to do so with the 
steadfast support of the AAEP, AAEP Foundation and other 
concerned and committed industry organizations.

Foundation grants supporting industry efforts to alleviate the plight of the unwanted horse

Preparing for a castration at an Operation Gelding clinic held 
by Changing Leads Equine Rescue in Kansas City, Mo.
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New member and renewal donations in 2013 generate more than $21,000 for Foundation

A total of 374 AAEP members expressed their commitment to the welfare of 
the horse with a donation to the AAEP Foundation when renewing their annual 
dues or joining as a member in 2013. The AAEP Foundation thanks the 
following donors, who contributed $21,516 between Jan. 1 and Nov. 30, 2013.

The entirety of each gift goes directly to improve the welfare of the horse; no 
portion is used for administrative or fundraising costs. To donate or learn more 
about giving options, visit http://foundation.aaep.org.

Andrea Adams
Rebecca Adkins
Maia Aerni
Renee Aguirre-Hall
John R. Allender
Kirsten Anderson
Rebecca L. Anderson
Frank M. Andrews
Julio S. Arias
Anna M. Arimborgo
John FG Atack
Lisa Atckison
Christopher Allen Bailey
James W. Bailey
Shannon S. Baker
Vincent A. Baker
D. Craig Barnett
Roger A. Bechtel
Mary H. Bell
Hendrik-Jan Bergman
Colleen Best
Mark Bianchi
R. Jerry Black
James T. Blackford
Terry L. Blanchard
Scott Blond
Celeste Boatwright 

Grace
Jacek Bobkiewicz
Edward Boldt
Larry A. Borg
Page Bouchard
Marilyn Irene Boyd
Benjamin B. Braat
Jesse Scott Brandon
Natalie Broomhall
Jesse Michael Brothers
Kirstin A. Bubeck
Anne J. Bukenhofer
Karen M. Bulluck
Linda Byer
Jennifer M. Card
Adam N. Carr
Stephen Carr
Kathryn Allyson Carter
James P. Cartner
Ada Caruthers
Jarbas Castro
Crystal Chapple
Caren Chellgren
Patricia N. Chism

Katherine B. Chope
Jaclyn Marie Christakos
Andrew R. Clark
Dennis A. Clark
Jane A. Clark
Rodger Clark
Chrysann Collatos
Catalina Perez Companc
H. Steve Conboy
Toby Twain Connolly
William T.M. Cook
Dane Coombs
Ty B. Corbiell
Christine A. Cornish
Dante Costagliola
Nathalie Cote
R. Reynolds Cowles
Ryan Coy
Bryant W. Craig
Michal Cuthbertson
Paulo Celso Da Silva
Tom V. David
Ellen E. Davies
Traci Lynn Davies
Eric W. Davis
George D. Davis
Shannon De Armas
Ines Nicoloso De Castro
Richard M. DeBowes
Patricia G. Dedrick-

Terry
Jamie Lynn DeRoin
Robert DeWard
Daria Lynn Digiovanni
Danielle Dimon
Haley A. Dingfelder
Enrique Dominguez
Sharon Anne Dreifus
Roland C. Dunavant
Ann E. Dwyer
Janine Frances Dwyer
Noel Dybdal
Adam Charles 

Eichelberger
Edda C. Eliasson
Nancy D. Elliot
Steven D. Engle
April Esquivel
Fernando Estrada
Vernon Scott Evans
Bud Fackelman

Joanne Marie Fagnou
Steve G. Fairbrother
Dennis M. Farrell
Sandi Farris
Laura Faulkner
Jean Frances Feldman
Megan Fine
Leah Fischer
Mary M. Flitner
Stephanie Flowers
Richard Forfa
Thera L. Fox
Bryan Fraley
Michael Frederick
Dennis D. French
Michael W. Giacopuzzi
Jocelyn D. Gibson
Jacqueline Danielle Giles
Kim Gill-Favier
Lyndi Liane Gilliam
Edward Gilsleider
Judith S. Goelkel
Alan A. Goldhahn
Renee Golenz
Constance Eileen 

Gorman
Marta E. Granstedt-

Volkmann
Barrie Grant
Henry Greenwald
Richard G. Guthrie
Carol A. Habig
Lydia Gathagan 

Hamilton
Mary Beth Hamorski
David Harris
Kurt Harris
Laura M. Harris
Katie Hayes
Ethan McRee Hefner
Neal R. Heilman
Julie D. Henderson
Martin Henn
Flynn Michele Henry
Ray A. Hephner
Carlos Hernandez-

Olivares
Miles Hildebrand
Marcia A. Hillard
Corinne Hills
Mary Joan Hiltz

Manuel G. Himenes
Nicole Hjelle
Lari Hullender Hoback
Stephanie Hobbs
Michael G. Hopkins
Paula Alves Horne
Christina Marie Howard
David A. Hunt
Kate Isler
Brad Jackman
Karen Jackman
Dennis Jenkins
Manuel Jimenez
Wolfgang Jochle
Mike Johnston
Cecilia Jonsson
Friedrich Frey Junior
Albert Kane
Crystalyn Jennifer Kasa
Atsushi Kato
Alessandra Vittoria 

Keenan
Audrey A. Kelleman
Eileen Kellner
Harold M. Kemp
Heather Kerr
Logan King
Steven Andrew King
Roy C. Kipper
Kathleen T. Klein
Gaston Kojusner
Darrel R. Kramer
Megan Downey Kraski
Katsumi Kuribara
Susy Lange
Peter J. Langley
Jeffery L. Lapoint
Amy McCanless Lawson
Bruce D. Lee
Amy R. Leibeck
Kathleen Alecia Lennon
Hannah Rani Leventhal
Rebecca B. Lillard
Cassandra L. Lodge
Kate J. Lombardi
Johanne Longtin
Troy Looper
Joaquin Lopez de Alda
Nicholas G. Loutsion
Brad D. Luckenbill
Joseph Everett Lynch

Marianne Mackay
Margo Macpherson
Gail Mahnke
Cassandra Mahoney
Nicole R. Mailhot
Joseph Malone
Jill Felix Marquez
Mark J. Martinelli
Kimberly Anne May
Mark B. Mayo
E. Scott McAllister
Marc R. McCall
Jennifer McDonald
Venaye P. McGlashan-

Reece
Carol McLeod
Patrick Joseph 

McMahon
Norifum Meguro
Lindsay Meharry
Elizabeth Metcalf
Geert Meursing
Jacob Meursing
Joseph Frank Migliacci
Shane Miller
Sylvia A. Miller
Jill A. Mixer
Percy Modomo
Romy G. Modomo
Eddie L. Moore
Evan A. Moore
James N. Moore
Makensie R. Moore
Dean D. Morgan
Kenton Morgan
Robin Mundt
Steven Murphy
Hiroshi Nagata
Steve Naile
Jimmy C. Nash
Joseph A. Nebzydoski
Gretchen Nelsen
C. Richard Nelson
Heather E. Nemanic
Charlotte M. Newell
Robert L. Newman
Kaisa Helena Nivola
Ken Noguchi
Karen A. Nyrop
Alison Herr Oliver
William Edgard Oppen

http://foundation.aaep.org
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Foundation donors, continued

Jane G. Owens
Barbara T. Page
Richard Pankowski
Dana Pantano
Ernest H. Patterson
William G. Paull
Sarah Kate Pedersen
Ryan Penno
Duncan Peters
Sarah T. Peters
Kimberly M. Peterson
Larry A. Pickering
Rob Pilsworth
Federico Manuel Pita
Candace K. Platz
Thierry G. Poignon
James C. Prendergast
Cynthia Prestage
Michael A. Prichard
Real Provencher
Michael Puckett
Tricia Marie Pugh
Tamara L. Quaschnick
Mauro Quercioli
Doug Quesnel
Suzanne Suster Quinn
Amy Rabanal

Sharanne Raidal
Peter C. Rakestraw
Matt T. Randall
Rachel Morgan Reedy
Elizabeth Reese
Mark T. Reilly
Sarah E. Reynolds
Mark Rick
Rebecca Elaine Rifkin
Melinda N. Roche
Maurilio Rosa
Terry W. Ruch
Dennis A. Ruksznis
Andrea L. Russell
Marvin E. Rydberg
Juan Samper
Macarena Sanz
Debra Sauberli
Bob Saunders
William J.A. Saville
Robert C. Schmitt
Harvey Schneiter
Elizabeth L. Scholtz
Jos Schreurs
Anne Schwartz
Charles F. Scoggin
Gregg Scoggins

David Scoville
Randal Sebring
Nicole Seehafer
Hiroyuki Semba
Kirk A. Shiner
Joseph Shrack
Michael Sigman
Ernest Paul Silvia
Debra Sime
Rena Rachel Singer
Erin Hardy Slaughter
John C. Smith
Kelly Smith
Suzanne J. Smith
Cheryl D. Sofaly
Louis T. Solonynka
Tamara Sorley
Kara Lynette Spillman
Max L. Sponseller
Michael T. Stabbe
Ted Stanley Stashak
Meredith A. Steudle
Susan M. Stover
Devon W. Strickland
Sylvie Surprenant
William E. Swyers
Cathe Tallarico

Nicholas Tallarico
Jean Tanguay
Susan M. Tanhauser
D. Scott Taylor
James R. Taylor
Shelley May Teakle
Mary A. Thomas
Kirste Timm
Nathalie Tokateloff
Masataka Tominari
Josie L. Traub-Dargatz
Kirsten Ann Traul
Toni L. Trego
Angel Carlos Antonio 

Trioni
Gayle W. Trotter
Diane Troyer
Robert Tugel
Leah Turner
Leslie Turner
Margaret Miller Turpin
Shigeto Ushiya
Peter W.C.M. Van Oijen
Marco Van Schie
Paul Rene Van Weeren
Taeke Van ’t Riet
Henry M. Vaupel

J. Donald Vice
Carol Vischer
William C. Wafer
John Walters
Jeffrey Warren
Kelly Ann Wasylciw
Amanda Ruth Watkins
Kathleen Weatherall
Emily Weaver
Erika Weber
Will Clay Werner
Shannon Sarah 

Whatman
Susan L. White
Jami L. Whiting
Carly R. Whittal
Glen Earl Wilkinson
Michael D. Williams
Amanda Wilson
David A. Wilson
Julia Wilson
William David Wilson
A. Barry Wood
Jeanine A. Woods
Kosei Yamagiwa
Ryan R. Zimmerman
David G. Zipf

AAEP Touch program helps you boost your clients’ satisfaction with your services

What if you had a blueprint for delivering the 
veterinary care and services your clients most desire?

During the 2013 
Annual Convention, 
the AAEP unveiled this 
blueprint – a program 
exclusively for AAEP 
members that will help 
equine veterinarians 
provide better care to 
patients, develop 
long-term relationships 

with clients, and deliver the services horse owners and 
trainers most value. 

AAEP Touch: Tools to Connect to Your Clients and 
Their Horses was developed from market research 

conducted with more than 6,100 horse owners, trainers, 
breeders and farm managers in the United States. An 
independent market research firm conducted the study 
in fall 2012.

The important findings from the research have been 
packaged into a comprehensive website of tools and 
resources that will help you understand your clients 
better than you already do.  

At touch.aaep.org, you will find the Top 10 lessons for 
your practice; profiles of 13 different client types based 
on the attributes they value most in veterinary care; 
videos and tools to help you perform a client-focused 
examination; client education materials on important 
topics that emerged from the research; and much more.

Explore touch.aaep.org today!

http://touch.aaep.org
http://touch.aaep.org
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Being an AAEP Educational Partner is just one of the ways IDEXX Laboratories supports equine care and the 
practitioners who provide it. 

Our extensive range of solutions includes innovative diagnostic 
tests, expert consulting, digital radiography and advanced patient-
monitoring technologies. Each product or service is designed to 
help equine practitioners meet their clients’ need for faster, more 
accurate diagnoses.

The IDEXX EliteVisionTM Digital Imaging System, for example, instantly produces images with outstanding 
sharpness and clarity in the field or in-hospital. The IDEXX VetLab® integrated suite of in-house analyzers 
produces a comprehensive patient picture in just minutes. The suite includes the Catalyst Dx® Chemistry 
Analyzer, featuring the Equine 15 CLIP of 13 essential chemistries, along with 2 ratios for screening and 
identifying equine health concerns. Practitioners can turn to the ProCyte Dx® Hematology Analyzer for precise 
and comprehensive hematology results, including flags for banded neutrophils and equine fluid analysis. And for 
fast, critical answers in the field, there’s the SNAP® Foal IgG Test.

For routine and advanced testing, or case consultations, equine practitioners can rely on our local network of 
IDEXX Reference Laboratories. IDEXX provides exclusive equine advanced testing protocols, including the 
Comprehensive Equine Respiratory RealPCR™ Panel, which lets veterinarians submit one sample to test for 10 
pathogens: equine rhinitis A and B viruses, equine herpesvirus types 1, 2, 4 and 5 and equine adenovirus, as well 
as Streptococcus equi subsp. equi and equine influenza virus, with the option to add a test for equine arteritis 
virus. They also offer the new Strangles RealPCR™ Screen, an economical way to test for the three pathogens 
that can cause Strangles or Strangles-like disease; and the Equine Diarrhea RealPCR™ Panel, which uses just one 
sample to test for 10 gastrointestinal pathogens for more focused treatment decisions. 

IDEXX is committed to delivering solutions that protect the welfare of horses and support those who care for 
them. For the latest information on IDEXX diagnostics, go to idexx.com/equine.

AAEP Educational Partner Profile:  IDEXX Laboratories 

The AAEP welcomes new members and congratulates recent graduates

NEW MEMBERS:
Graham J. Adams, BVSc,  

NSW, Australia
Roberto Ragni Alunni, DVM, 

Dubai, United Arab Emirates
Jonit G. Barsky, DVM, 

Waterbury Center, VT
Nicola Cribb, MA, Diplomate, 

Guelph, ON, Canada
Darlene Donszelmann, BSc, 

DVM, Olds, AB, Canada
Jarred Clayton Forrest, DVM, 

Surprise, AZ
James W. Marmion, BSc, BVM, 

Versailles, KY
Kevin Martens, DVM, 

Tillamook, OR
Jennifer Charlotte Pond,  

St. Paul, MN
Kristin E. Richwagen, DVM, 

Ravena, NY
Julia Roque, DVM, Peotone, IL

RECENT GRADUATES:
Travis Beasley, DVM, 

Whitesboro, TX
Shannon Brown, DVM,  

Corona, CA
Belinda Buchholz, DVM,  

Bend, OR
Chad Calice, DVM, Pittston, PA
Madison Taylor Cloninger, 

DVM, Fort Collins, CO
Stephanie Dam, BSc,  

Dundas, ON, Canada
Ian Frank Devick, DVM, 

Littleton, CO
Rebecca Jean Domenigoni, 

DVM, Lockeford, CA
Jenna K. Donaldson, DVM, 

Sherwood Park, AB, Canada
Megan Nicole Eckert, DVM, 

Edmond, OK
Kyle Fisk, DVM, Micanopy, FL

Kristen Hampshire, DVM, 
Littleton, CO

Sophie Michelle Heikkila, DVM, 
Plympton, MA

Sandra Viviana Hernandez, 
DVM, Mexico City, Mexico

Jessica Jo Huwa, DVM, 
Prosperity, SC

Russ R. Lapierre, DVM, 
Mendenhall, PA

Katie Lewis, DVM, Bexley, OH
Victoria Martin, DVM, 

Champaign, IL
Jenn Megens, DVM,  

Uxbridge, ON, Canada
Eric Allen Metteauer, DVM, 

Beaumont, TX
Krystle Ocull, DVM,  

Bellflower, CA
Alexander William Parkes, 

DVM, Edinburgh, Scotland

Lisa Rincon, DVM, Davis, CA
Marcos Vinicius Dias Rosa, 

DVM, Niteroi,  
Rio de Janeiro, Brazil

Dana Shackelton, DVM, 
Oakdale, CA

Susan Elizabeth Shaffer 
Sookram, DVM,  
Albuquerque, NM

Shane David Smith, DVM, 
Nampa, ID

Alyssa Struzyna, VMD, 
Rhinebeck, NY

Kelly Frances Warner, DVM, 
Weatherford, TX

Annie F. Williams, DVM, 
Bloomsbury, NJ

http://www.idexx.com/equine
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The service and stewardship of the AAEP’s many 
dedicated volunteers is the cornerstone of the 
association’s ability to improve the health and welfare 
of the horse, further the professional development of its 
members and provide resources and leadership for the 
benefit of the equine industry. Thanks to the following 
members whose volunteer service on the board of 
directors or on a particular council or committee 
concluded in 2013.

Board of Directors
Dr. Benjamin Espy
Dr. Brad Jackman
Dr. John Mitchell
Dr. Eric Peterson
Dr. Emma Read

Foundation Advisory Council
Dr. Kathleen Anderson
Dr. Jerry Black
Dr. Kathy Carter
Dr. Tom Lenz
Dr. Wayne McIlwraith (chair)
Dr. Bill Rood

Educational Programs Committee
Dr. George Martin
Dr. Steve O’Grady
Dr. Andy Parks
Dr. Kim Sprayberry

Educational Programs Committee 2013 Reviewer List
Dr. Rob Franklin 
Dr. David Frisbie 
Dr. Brad Jackman 

Finance & Audit Committee
Dr. Jeff Blea

Leadership Development Committee
Dr. Kathleen Anderson
Dr. Kenton Morgan
Dr. Mark Rick
Dr. Hannah Wellman

Nominating Committee
Dr. Brad Jackman
Dr. Deb Sellon
Dr. Nat White

Professional Conduct & Ethics Committee
Dr. Jeff Berk
Dr. Miles Hildebrand
Dr. Terry Swanson
Dr. Kim Voller

If you desire to have a larger voice in the AAEP by 
sharing your time and expertise on behalf of the horse 
and the association, the AAEP would love to hear 
from you. Simply log into www.aaep.org and click 
“Volunteer Opportunities” on your dashboard. Select 
from among the many volunteer opportunities listed on 
the Volunteer Interest Form, complete the remainder of 
the form and click “Finish.” 

AAEP recognizes outgoing board, council and committee members

AAEP members and others 
are invited to submit 
educational papers for 
consideration for presentation 
during the AAEP’s 60th Annual 
Convention, Dec. 6-10, 2014, 
in Salt Lake City, Utah.

Scientific papers, “how-to”  
papers, review papers, 
abstracts ≤ 250 words and The 

Business of Practice papers are 
eligible for consideration. For 

complete considerations and ethical 
guidelines, visit www.aaep.org.

As an aid to private practitioners, first-time authors or 
members seeking guidance with their submission, the 
AAEP offers a mentorship program in which experienced 
presenters are available to provide advice and direction. 
However, mentors are not responsible for rewriting or 
selecting material. To access a list of available mentors or 
view sample paper submissions, visit www.aaep.org.

All papers must be submitted at http://aaep2014.
abstractcentral.com by March 17, 2014, 3:00 p.m. ET. 
Authors should visit the site in advance to set up a 
profile and provide paper and author information before 
uploading the paper when it is complete. Contact Carey 
Ross, scientific publications coordinator, at cross@aaep.
org with questions concerning the Annual Convention and 
educational paper submission. 

Present an educational paper during the 2014 Annual Convention 

Paper submission deadline is March 17

http://www.aaep.org
http://www.aaep.org
http://www.aaep.org
http://aaep2014.abstractcentral.com
http://aaep2014.abstractcentral.com


February 6-8, 2014

16th Annual  

Resort Symposium

Gran Melia Golf Resort

Rio Grande, Puerto Rico

July 20-22, 2014

Focus on the Sport Horse

Louisville, Kentucky

September 11-13, 2014

Focus on the First Year of Life

Phoenix, Arizona

December 6-10, 2014

60th Annual Convention

Salt Lake City, Utah 

AAEP Meetings and Continuing Education
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For more information, contact the AAEP office at (859) 233-0147 or (800) 443-0177 or online at  www.aaep.org. 

Membership Benefits

AAEP group purchasing program qualifies your practice for substantial savings

As an AAEP member, you are eligible for substantial 
savings on supplies and services to operate your 
veterinary practice. The AAEP and The Veterinary 
Club have partnered to provide all AAEP 
members with access to the 
industry’s most robust catalog of 
contracts offering substantial, 
quantifiable savings. Discounts are 
available at such companies as Verizon, UPS, FedEx, 
Staples, OfficeMax, Office Depot and Sherwin-Williams. 

Participation in the group purchasing program is free 
with your AAEP membership. 

To participate, AAEP members must 
register at www.theveterinaryclub.com. 
For more information about this 

membership benefit, contact Nick Altwies, 
membership services coordinator, at (859) 

233-0147 or naltwies@aaep.org. 

Request research articles through the Texas A&M Medical Sciences Library

Your AAEP membership enables you to access valuable research articles 
from the Texas A&M Medical Sciences Library. To request mediated 
database searches and have documents delivered to your practice using the 
library’s Get It For Me service, go to http://getitforme.library.tamu.edu/
msllocal and log in. 

If you are a first-time user, you must register with your e-mail address and a 
password. Get It For Me will encrypt your password so it remains secure. 
Only you will know your password. Search results and articles will be 
delivered to your inbox within two business days.

AAEP Rounds a convenient forum to discuss specific veterinary topics

You don’t have to work through the challenges of equine 
veterinary practice alone. You can get answers and advice 
from your fellow AAEP 
members by joining the 
interactive discussion taking 
place year-round in any of 
15 AAEP Rounds.

Rounds are e-mail commu-
nities centered on a specific 
topic and are an ideal way to exchange ideas and share 
expertise with AAEP members around the world. You 
can subscribe to the following Rounds:

In addition, you may also join the AAEP’s General Discussion 
List, which is open to a wide variety of topics of interest to 
AAEP members. For more information or to join a Round, 
log into www.aaep.org and click the “My AAEP” button.

Business Education
Complementary & 

Alternative (Integrative) 
Medicine

Dentistry
English Sport Horse
Infectious Disease
New Practitioners
Parenting

Podiatry
Public Auction
Purchase Exam
Racing
Reproduction/Perinatology
Solo Practitioner
Student
Western Performance 

Horse

http://www.aaep.org
http://www.theveterinaryclub.com
mailto:naltwies@aaep.org
http://getitforme.library.tamu.edu/
http://www.aaep.org


SENIOR LIVING. REDEFINED.

©2013 Cargill, Incorporated. All Rights Reserved.

Exclusive Nutri-Bloom AdvantageTM increases fiber 
digestion up to 15% for better health and bloom.

FROM DENTAL TO DIGESTION ISSUES, NEW 
SAFECHOICE® SENIOR RESETS EXPECTATIONS  
FOR WHAT HORSE FEED CAN BE.
Only SafeChoice® Senior has NutriBloom Advantage,TM  which increases 
fiber digestion up to 15% for better health and bloom. Prebiotics and 
probiotics further aid in nutrient digestion and digestive health. And for 
horses with dental issues, SafeChoice® Senior can make a QuickMashTM  
in just three minutes. So you can confidently recommend it to clients 
with senior horses. Visit SafeChoiceFeed.com.

http://www.SafeChoiceFeed.com
http://www.SafeChoiceFeed.com


To be successful in today’s 
veterinary market you need 

satisfied clients and a 
profitable practice.

Here’s how we can help.

Developed by:

Nutritional Supplements

EVE2013-11

Developed to enhance  
client satisfaction and  
increase your
profitability.

For more information, call 859-873-2974 
or visit KPPvet.com.

Available only through 

licensed veterinarians.

http://www.KPPvet.com
http://www.KPPvet.com


Peer reviewers 2013

The following colleagues gave their time to peer review between November 2012 and October 2013, for which we are
very grateful.

Adams, Stephen
Ainsworth, Dorothy
Allen, Andrew
Almeida, Juliana
Andrews, Frank
Archer, Debbie
Audigie, Fabrice
Ball, Barry
Barakzai, Safia
Bardell, David
Barr, Alistair
Barr, Elizabeth
Barton, Aki
Bathe, Andy
Bergman, Erik
Bertone, Joseph
Bidwell, Lori
Bladon, Bruce
Blissitt, Karen
Booth, Todd
Bowen, Mark
Brearley, Jacqueline
Brooks, Dennis
Campbell, Madeleine
Canisso, Igor
Carmalt, James
Caron, John
Cary, Julie
Chaffin, Keith
Cillan-Garcia, Eugenio
Coenen, Manfred
Colles, Chris
Conwell, Rachael
Cooke, Charles
Coomer, Richard
Coudry, Virginie
Coumbe, Karen
Cox, Alistair
Crabtree, James
Cramp, Phil
Dakin, Stephanie
Del Piero, Fabio
Denoix, Jean-Marie
Divers, Tom
Dixon, Paddy
du Toit, Nicole
Dugdale, Alex
Durham, Andy
Dwyer, Ann
Elce, Yvonne
Ensink, Jos

Epstein, Kira
Esteller-Vico, Alejandro
Fielding, C. Langdon
Fischer, Jr., Andrew
Fischer, Ted
Fiske-Jackson, Andrew
Fjordbakk, Cathrine
Fraipont, Audrey
Frank, Nicholas
Franklin, Samantha
Freeman, David
Fubini, Susan
Furr, Martin
Garrett, Katherine
Gaughan, Earl
Gerard, Mathew
Gerlach, Kerstin
Gilger, Brian
Gilkerson, James
Grant, Barrie
Greet, Tim
Grint, Nicola
Hackett, Richard
Haga, Henning
Haggett, Emily
Hahn, Caroline
Hallowell, Gayle
Hanson, Reid
Hardy, Joanne
Hassel, Diana
Haussler, Kevin
Hawkins, Jan
Head, Marcus
Hepburn, Richard
Hockenhull, Jo
Holbrook, Todd
Holcombe, Sue
Houpt, Katherine
Hurcombe, Samuel
Irby, Nita
Ivens, Philip
Johns, Imogen
Johnson, Amy
Johnson, Philip
Johnson, Shylo
Jones, Ron
Knottenbelt, Derek
Knowles, Edward
Labelle, Amber
Labens, Raphael

Lavoie, Jean-Pierre
LeBlanc, Michelle
Lescun, Timothy
Lester, Guy
Lindegaard, Casper
Lischer, Christoph
Love, Emma
Love, Sandy
MacKay, Robert
Martinelli, Mark
Matthews, Andy
Mazan, Melissa
McCluskey, Brian
McDonnell, Sue
McGorum, Bruce
McIlwraith, Wayne
Milne, Elspeth
Milner, Peter
Mohammed, Hussni
Morello, Samantha
Morley, Paul
Mueller, P.O. Eric
Muir, William
Munroe, Graham
Nieto, Jorge
Nolen-Walston, Rose
Nout, Yvette
Olsen, Emil
Palmer, Jonathan
Pascoe, Rob
Patterson-Kane, Janet
Pearce, Chris
Pearson, Geoff
Pease, Anthony
Perkins, Gillian
Pirie, Scott
Pollock, Patrick
Proudman, Chris
Puchalski, Sarah
Pusterla, Nicola
Rendle, David
Ricketts, Sidney
Riggs, Christopher
Rijkenhuizen, Astrid
Robert, Céline
Roberts, Veronica
Röcken, Michael
Rogers, Phil
Ruggles, Alan
Rush, Bonnie

Sandersen, Charlotte
Santschi, Elizabeth
Scholes, Sandra
Schott, Harold
Schramme, Michael
Schumacher, James
Schumacher, John
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Highlights of recent clinically relevant papers

Sesamoidean approaches for digital flexor
tendon sheath synoviocentesis and injection
Richard Rocconi and Sarah Sampson from the Mississippi State
University, USA, have recently published their study comparing
basilar and axial sesamoidean approaches for digital flexor
tendon sheath (DFTS) synoviocentesis and injection in horses.

Accurate synoviocentesis and injection of the DFTS are
important procedures for diagnosis and treatment of injury
associated with this structure in horses. This study aimed to
define a method for the basilar sesamoidean approach (BSA)
to the DFTS and compare it with the axial sesamoidean
approach (ASA) for DFTS synoviocentesis and injection.
Twelve healthy adult mares with no lower limb abnormalities
had one forelimb and one hindlimb assigned to each DFTS
approach. All procedures were performed in standing
sedated horses.

Median time for injection was significantly shorter for the
BSA, compared with the ASA. The median number of times the
needle was redirected was also significantly less for the BSA.
Odds of obtaining synovial fluid via the BSA were 5.7 times as
great as for the ASA. Successful injection of contrast material
into the DFTS did not differ significantly between methods.

The authors concluded that the BSA was a useful method
for DFTS synoviocentesis in the fore- and hindlimbs of standing
sedated horses and was superior to the ASA in most aspects.
This approach to the DFTS should be considered when DFTS
injection or synovial fluid retrieval is desired, particularly in
horses with minimal DFTS effusion.

Melanoma in grey Quarter Horses
R. Teixeira and colleagues in the USA have recently reported
on coat colour genotypes and risk and severity of melanoma
in grey Quarter Horses (QH).

Both greying and melanoma formation in horses have
recently been linked to a duplication in the STX17 gene. This
duplication, as well as a mutation in the ASIP gene that
increases MC1R pathway signalling, affects melanoma risk
and severity in grey horses. This study was performed to
determine if melanoma susceptibility in grey QH is lower than
grey horses from other breeds because of decreased MC1R
signalling resulting from a high incidence of the MC1R chestnut
coat colour allele in the QH population. Blood or hair root
samples were collected from 335 grey QH with and without
dermal melanomas for DNA extraction and genotyping for
STX17, ASIP and MC1R genotypes. Age, sex, and external
melanoma presence and grade were recorded.

Melanoma prevalence (16%) and grade (0.35) in this QH
cohort was lower than that reported in other breeds. Age
was significantly associated with melanoma prevalence
and severity. No significant effect of MC1R genotype on
melanoma prevalence or severity was identified. An effect of
ASIP genotype on melanoma risk was not detected. Low STX17
homozygosity precluded evaluation of the grey allele effect.
The authors concluded that melanoma prevalence and
severity is lower in this population of grey QH than has been
reported in other breeds. This could be because of the
infrequent STX17 homozygosity, a mitigating effect of the
MC1R mutation on ASIP potentiation of melanoma, other

genes in the MC1R signalling pathway, or differences in breed
genetic background.

Comparison of anastomosis methods following
proximal ileal resection
This retrospective study by S. Stewart and colleagues from the
University of Pennsylvania, USA, compares complications and
survival rates with three different anastomosis methods
following proximal ileal resection; namely jejunojejunostomy,
jejunoileostomy and jejunocaecostomy.

Medical records for 112 horses were reviewed and, as this
was a retrospective study, the surgical procedure was not
randomised but was based on lesion type and surgeon
preference. Short-term outcome was measured by survival to
discharge and was not different between groups. Those who
underwent a jejunoileostomy were more likely to have a repeat
celiotomy during the period of hospitalisation. Long-term
follow-up was measured using a Kaplan–Meier estimate of
survival function and found that horses who had undergone a
jejunocaecostomy were more likely to have repeated episodes
of colic and were less likely to survive long-term than those who
had undergone one of the alternative procedures. Survival
following jejunoileostomy at one-year follow up was 100%,
compared with 97% for jejunojejunostomy and 83% for
jejunocaecostomy. The authors also noted that anastomosis
pattern may reflect outcome, with a double layer appositional
pattern performing best although numbers were too low to be
of statistical significance.

The authors concluded that following proximal ileal
resection jejunoileostomy may be the anastomosis technique
of choice due to better long-term survival rates and lower
incidence of colic in the long term.

Mesenchymal stem cell administration methods
In this study, J.M. Trela and colleagues from the University of
California, USA, used scintigraphy to compare intra-arterial
injection and distal intravenous regional limb perfusion for
administration of mesenchymal stem cells to the equine foot.

Mesenchymal stem cells have recently been administered
via a regional limb perfusion; however, previous studies have
found that intravenous administration resulted in poor uptake
and intra-arterial injection resulted in thrombosis in some cases.
This study used labelled mesenchymal stem cells and
compared intravenous and intra-arterial administration, with
uptake being measured by scintigraphy. Six horses were
subjected to general anaesthesia and labelled mesenchymal
stem cells were administered via a catheter placed in the
median artery of one forelimb, followed by the lateral palmar
digital vein in the opposite forelimb. A tourniquet was used
only for intravenous administration. Mesenchymal stem cells
were found to be retained in the distal limb despite not using a
tourniquet for intra-arterial injection. Contrary to previous
studies, there were no thrombi detected ultrasonographically
following the procedure for intra-arterial injection; however, in
the limb where the intravenous technique was used, thrombi
were detected in 4 of the 6 horses.

The authors concluded that the tourniquet and resulting
haemostasis was sufficient to create subclinical thrombi. The
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intra-arterial technique resulted in a more homogenous
distribution of labelled mesenchymal stem cells than the
intravenous technique, and both techniques resulted in a
similar uptake when measured at 24 h post injection.

Doxorubicin chemotherapy in horses
The aim of this study by A.P. Théon and colleagues from the
University of California, USA, was to determine dose-limiting
toxicosis (DLT) and maximum tolerated dose (MTD) of
doxorubicin in tumour-bearing horses.

Seventeen horses with 34 localised or multicentric
advanced tumours were treated using a two-stage
dose-ranging design involving intrapatient and interpatient
dose escalation. Six treatment cycles were given at 3-week
intervals with dosages ranging from 40 to 85 mg/m2. Clinical
signs were evaluated.

Total doses ranged from 1127 to 2900 mg in 12 horses
that completed the assigned treatment protocols. The MTD
was 75 mg/m2. Hypersensitivity reactions and neutropenia
were dose limiting. Hypersensitivity was dose-dependent
but schedule invariant. Neutropenia was dose- and
cycle-dependent but dose-escalation schedule invariant.
Cardiotoxicity was not observed.

The authors concluded that the recommended dosage
of doxorubicin to treat horses is 70 mg/m2 given at 3-week
intervals as single agent. Adjunctive treatment with
antihistamines and nonsteroidal anti-inflammatory drugs is
recommended to control hypersensitivity.

Equine exuberant granulation tissue and
human keloids
In this study, C. Theoret and colleagues in Canada and
the USA compared histopathological features of a
fibroproliferative disorder in horses (exuberant granulation
tissue) and humans (keloid).

Archival tissue samples of exuberant granulation tissue
(EGT) and keloid were used for this study. After automated
haematoxylin and eosin, histochemical (Gomori trichrome,
Verhoeff-van Gieson elastin) and immunohistochemical
(vimentin, α-smooth muscle actin, CD34, CD68, CD117)
stainings, tissue sections were evaluated using a
semi-quantitative grading scale for presence or absence of
ulceration, keloidal collagen, myofibroblasts and elastic fibres
as well as degree of inflammation, fibrosis, vascularity and
orientation of collagen fibres.

Superficial dermis and deep dermis of both horses and
humans had increased numbers of haphazardly oriented
thickened collagen fibres; however, only keloids contained
‘keloidal’ collagen. Fibroblast numbers were markedly
increased in both groups but only EGT had myofibroblasts.
Minimal vascularity was observed in the deep dermis of both
groups. The superficial dermis in EGT was characterised by
small vessels within immature granulation tissue. Macrophages
and mast cells were infrequently found in both groups but
polymorphonuclear cells were markedly increased in EGT.

Humans and horses are the only mammals known to
naturally develop excessive granulation during wound
healing; however, similarities and differences between
fibroblast populations and associated collagen have not been
reported. Inflammatory response may contribute to observed
differences in the cellular populations, with EGT possessing
markedly increased myofibroblasts, small vessels and acute

inflammatory cells compared with keloids. Further work is
warranted to develop common treatment strategies for these
fibroproliferative conditions.

Characteristics of the normal equine proximal
suspensory ligament
In this study, N. Werpy and colleagues in the USA and France
compared the use of standard ultrasonography, angle
contrast ultrasonography, magnetic resonance imaging (MRI)
and histology for identification of the anatomic characteristics
of the normal equine suspensory ligament in the forelimb.

Horses free from forelimb lameness with no palpable
abnormalities in the region of the suspensory ligament were
included in this study. The proximal suspensory ligaments in 20
forelimbs were examined using the standard ultrasound
technique, angle contrast ultrasound technique and MRI,
followed by histological evaluation. Total transverse
(cross-sectional) area of the proximal suspensory ligament was
estimated using standard ultrasound and angle contrast
ultrasound techniques, MRI and histological sections for the
following parameters: total area of the ligament, ligament
fibres, muscle and fat. The proximal suspensory ligament lobe
size and tissue distribution were compared and subjectively
graded for asymmetry. Subjectively, angle contrast ultrasound
technique improved differentiation of fibres from the
remaining tissue types and allowed identification of the
peripheral ligament margin. There was no significant
difference in asymmetry scores between modalities. The
asymmetry scores of the right and left forelimbs were
significantly different with both ultrasound and MRI, based on
the level of measurement. The angle contrast ultrasound
technique has limitations compared to MRI. However, it
provides additional diagnostic information that is not available
with the standard ultrasound technique.

S. WRIGHT
EVE Editorial Office
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Editorial

EVE and EVJ online collection of equine endocrinology: Recent
and future directions; a great start but still a long way to go

This month, Equine Veterinary Education and Equine Veterinary
Journal have combined forces to create a free online
collection of our recent articles on equine endocrinology. This
initiative has been made possible with the support of the British
Equine Veterinary Association Trust, and we are extremely
grateful to Professor Nick Frank and Professor Philip Johnson,
who have served as guest editors for this collection.

Equine endocrinology is a fast-moving field; in an
introductory editorial, Philip Johnson, writing with Professor
Sojka-Kritchevsky, reflects on the pace of progress that has
generated a vast number of publications in the last decade
(Sojka-Kritchevsky and Johnson 2014). The online collection
encompasses a comprehensive range of topics within the field
of endocrinology and includes authoritative review articles on
insulin dysregulation (Frank and Tadros 2014), glucocorticoids
and laminitis (Cornelisse and Robinson 2013) and
paraneoplastic syndromes (Axiak and Johnson 2012).

Pituitary pars intermedia dysfunction (PPID) (McGowan
et al. 2013a) and equine metabolic syndrome (Frank and
Tadros 2014) are both associated with insulin dysregulation and
are now recognised as important and common problems in
equine medicine that affect the health and well-being of
many horses and ponies globally. Both become extremely
significant due to their link with recurrent laminitis, which raises
their impact in terms of both morbidity and mortality (Tadros
and Frank 2011). The exact mechanisms that link insulin,
glucocorticoids, lipid metabolism and inflammation,
endothelial function and the laminae remain to be clarified
(Sojka-Kritchevsky and Johnson 2014), but the online collection
highlights several studies that represent important pieces of this
jigsaw (Tóth et al. 2010; Venugopal et al. 2011; Borer-Weir et al.
2013; Burns et al. 2013; Gauff et al. 2013; Dunkel et al. 2014).

Current best practice for management of equine
metabolic syndrome is outlined by Professors Nick Frank and
Ray Geor in this month’s issue of Equine Veterinary Education
(Frank and Geor 2014). The first goal of management is to
induce weight loss, and helpful and explicit guidelines for
designing diets for obese equids are provided. There is little
doubt that exercise together with dietary management
(Hudson et al. 2012) can reduce the clinical signs and indices
of inflammation in equine metabolic syndrome (Hudson et al.
2012; Menzies-Gow et al. 2013; Frank and Geor 2014); however,
further studies are needed to quantify the efficacy of these
management changes on long-term outcomes.

In cases that are refractory to this approach, metformin
(Rendle et al. 2013) or levothyroxine (Frank and Geor 2014)
may be helpful. However, questions remain regarding the most
effective medication, if any, for management of insulin
dysregulation. It seems reasonable to postulate that removal
or control of the underlying causes will be more rational than
simply treating the effects, and it is essential that horse-owners
understand that with sufficient effort on their part, equine
obesity can be tackled (Owers and Chubbock 2013).

The online collection includes several studies addressing
the diagnosis of PPID, and in particular, the value of plasma
adrenocorticotropic hormone (ACTH) when interpreted with

seasonally adjusted reference ranges is discussed by several
authors (Copas and Durham 2012; McGowan et al. 2013b;
Rendle et al. 2014); this is advocated by Professors Frank and
Geor as the most readily accessible test for monitoring PPID
cases in a field setting, although the thyroid-releasing hormone
stimulation test is more sensitive and therefore has advantages
in confirmation of diagnosis (Frank and Geor 2014).

There are some significant problems emerging with the
way that horse-owners interpret the information that can be
gleaned from screening horses for PPID with the plasma ACTH
assay. Perusal of the extremely popular and highly influential
Horse and Hound forum in the UK (http://www.horseandhound
.co.uk/forums/) on 21 October 2013 reveals some interesting
strands on this topic. In a query entitled ‘Cushings, how high
could a false positive be?’ a horse owner outlines her concern
as follows:

Had vet out for routine stuff the other day and decided to
get a mare tested for Cushings purely because it was free
and she is in her 20’s. She doesn’t show any outward signs
of Cushings. The result came back 119. Could this be a false
positive or a natural spike or is it too high to be false?

In reply, another forum user describes some typical clinical
signs of PPID, but nevertheless encourages treatment in the
absence of any other clinical evidence of a problem, offering
the following in response:

ACTH levels are naturally higher at this time of year for
normal horses but for Cushings horses the levels go quite a
bit higher. Some horses hardly show any signs of Cushings
and the first sign can be an attack of laminitis. . .when mine
was first diagnosed she had a thick coat which didn’t [sic]
shed properly and fat pads above her eyes and quarters,
her level was 172. . .so your [sic] may be at the beginning
of Cushings and it may be worth putting her on the
medication to control it and then getting her tested again
to see if it has made a difference. Unfortunately the
medication is quite pricey but you may find she only needs
a low dose.

Pituitary pars intermedia dysfunction is a
neurodegenerative disorder, and current knowledge on its
pathogenesis is discussed in detail by Professors Sojka-
Kritchevsky and Johnson in their introduction to the online
collection published in this month’s issue of Equine Veterinary
Journal (Sojka-Kritchevsky and Johnson 2014). The odds of
developing clinical signs associated with PPID increase by
approximately 20% per year in horses over 15 years of age. The
prevalence of clinical signs in a group of Australian horses was
21.5% (McGowan et al. 2013a). The prevalence of clinical signs
in horses younger than 15 years of age has not been reported
but, while there is little doubt that clinical PPID can occur in
younger horses, it seems reasonable to speculate that the
prevalence is lower than 20%. The studies on use of plasma
ACTH assays for diagnosis of PPID suggest that the sensitivity
and specificity are very satisfactory in autumn, but only around
80% in other seasons. Studies on the sensitivity and specificity of
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plasma ACTH as a diagnostic test for PPID are hampered by
the lack of a readily available ‘best’ or ‘gold standard’ test for
the condition.

So, where does prevalence come in? Sensitivity and
specificity are indicators that relate directly to the test under
scrutiny, while for calculation of positive and negative
predictive values, prevalence is included in the denominator.
In the study by McGowan et al. during autumn the positive
predictive value (in other words, the proportion of positive test
results that truly are positive) was only 75%, while in spring,
summer and winter the positive predictive value fell to around
45% (McGowan et al. 2013b), indicating that 3 of 4 horses with
positive test results in autumn were affected, but in the other
seasons, when a ‘positive’ result was obtained, slightly more
horses did not have the disease than did. The population from
which those estimates were derived was restricted to horses
≥15 years old. The positive and negative predictive values fall
as prevalence decreases, and a test useful for diagnosis is not
necessarily appropriate for screening apparently healthy
populations for subclinical disease. Horse-owners are
increasingly aware of PPID and want to screen their horses
because the concept of early diagnosis and treatment is
attractive. However, studies are urgently required to provide
the evidence on which to base screening programmes.
Overdiagnosis leads to overtreatment, and treating animals
unnecessarily creates unnecessary concern for their owners as
well as inappropriate financial investment in drug therapy. In
addition, the risk of untoward effects of drug treatment must
always be considered; pergolide was removed from the
market for human use in the USA in 2007 because of a
perceived increase in the risk of valvular heart disease.

Pergolide has emerged as the drug of first choice for
treatment of PPID, and it has the advantage that it is licensed
for use in the horse in many regions (Frank and Geor 2014).
While the early introduction of medication may avert the
spectre of laminitis, clinicians should be aware that, at present,
there are no randomised controlled trials comparing pergolide
with alternatives. Furthermore, there have been no long-term
studies to show that horses that are treated with low-dose
pergolide before the onset of clinical signs of PPID have better
outcomes, including a reduced incidence of developing
laminitis, than horses in which treatment is delayed until clinical
signs become apparent. Perhaps the next decade will provide
the evidence base that is needed to provide robust guidelines
on this and other medications?

Note
This article is co-published in Equine Veterinary Education and
Equine Veterinary Journal.

C. M. MARR and T. S. MAIR
EVJ and EVE Editorial Office
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Editorial

Current best practice in clinical management of equine
endocrine patients

Endocrine disorders are commonly diagnosed in horses and our
knowledge of equine endocrinology has expanded in recent
years. Original research reports, case series and review articles
included in this virtual issue of Equine Veterinary Education
and Equine Veterinary Journal are examples of the work
being conducted in this developing area of equine medicine.
Pituitary pars intermedia dysfunction (PPID) and insulin
dysregulation (ID) are the most common endocrine disorders
encountered in horses and have high prevalence rates.
McGowan et al. (2013a) report a prevalence rate of 21.2% for
PPID in horses aged ≥15 years from a cross-sectional survey of
horse owners in Queensland, Australia and this is consistent with
the previously reported 22% prevalence rate for haircoat
changes associated with PPID in aged horses in the United
Kingdom (Ireland et al. 2012). Insulin dysregulation also appears
to be common in horses, as a component of equine metabolic
syndrome (EMS) or accompanying PPID (Frank and Tadros
2013). Hyperinsulinaemia (fed plasma insulin concentration
≥30 mu/l) occurred with a prevalence of 10% in a cross-
sectional study of mixed light-breed horses in Virginia, USA
(Pleasant et al. 2013) and basal hyperinsulinaemia (>20 mu/l)
was detected in 32% of aged (≥15 years) horses with PPID
in Queensland (McGowan et al. 2013b). There appears to
be a genetic basis to ID, with certain breeds of horse,
including ponies, Morgan horses and Arabians being
overrepresented. Other endocrine disorders of horses include
hyperparathyroidism, as discussed by Axiak and Johnson (2012)
in their article focused on paraneoplastic syndromes, and
diabetes mellitus (Durham et al. 2009; Dunkel et al. 2013). In
contrast, some of the common endocrinopathies of human
patients, dogs and cats such as Addison’s disease,
hyperthyroidism and hypothyroidism, are rarely seen in horses.
This discussion of best practices in clinical management of
equine endocrine patients focuses on PPID and ID because of
their high prevalence rates.

Before making management decisions, the clinician should
first consider the stage of the endocrinopathy and appreciate
the dynamic nature of endocrine disorders. Pituitary pars
intermedia dysfunction is a neurodegenerative condition that
progresses over time and occurs in its advanced form in old
horses. It is important to recognise, however, that this disorder
first develops at a younger age and advances in diagnostic
testing have allowed us to detect PPID in its earlier stages.
Pituitary pars intermedia dysfunction should be considered in
horses aged >10 years that exhibit poor performance, loss of
muscle mass and subtle haircoat changes such as retained
hairs in small areas (regional hypertrichosis). Detection of early
PPID is important because the disorder is easily managed with
pergolide treatment and it is advisable to prevent laminitis,
rather than wait for this condition to develop. Both PPID and ID
are associated with laminitis, and relationships among these
conditions were reviewed by Tadros and Frank (2013) and
discussed extensively in the Equine Veterinary Journal virtual
issue on laminitis (http://onlinelibrary.wiley.com/journal/10.
1001/(ISSN)2042-3306/homepage/laminitis__recent_advances
_and_future_directions.htm).

Insulin dysregulation can also change over time. If we
consider certain horses to be genetically predisposed to this
problem, the degree of ID is determined by the management
of the horse and development of concurrent medical
conditions. A genetically predisposed horse that is well
managed can remain free of health problems whereas
obesity, hyperinsulinaemia and laminitis may develop if the
same animal is overfed or exposed to feeds and forages that
elicit a marked insulinaemic response. Obesity, regional
adiposity, ID, hypertriglyceridaemia and hyperleptinaemia are
all components of EMS, a collection of endocrine and
metabolic abnormalities associated with the development of
laminitis in equids. Insulin dysregulation can also be
exacerbated by PPID and anecdotal evidence suggests that
horses with EMS are predisposed to PPID. This concern has led
to the recommendation that all horses with EMS that are aged
>10 years be closely monitored for signs of pituitary
dysfunction.

Management and monitoring of PPID
Pergolide is recommended for the treatment of PPID in
horses at a dosage of 0.002 mg/kg bwt and is available as
Prascend®1 in 1 mg tablets. Anorexia can be encountered
as pergolide treatment is initiated, so it is advisable to start
horses on half the dose every other day for 2 doses and
then half the dose daily for 3 days to avoid this complication.
Cyproheptadine is also used for the management of PPID, but
is reserved for horses with advanced PPID on higher dosages of
pergolide. In these situations cyproheptadine is administered
at a dosage of 0.25 mg/kg bwt orally every 12 h and given to
animals concurrently receiving pergolide.

Best practices for managing PPID include measurement of
plasma adrenocorticotropin hormone (ACTH) concentrations
30 days after pergolide treatment is initiated at the full dose.
Plasma ACTH concentrations are also measured to diagnose
PPID and this is an easy test to perform because only a single
blood sample is required. The other recommended diagnostic
test for PPID is the thyrotropin-releasing hormone (TRH)
stimulation test and this is performed by collecting a blood
sample, injecting 1.0 mg TRH i.v. and collecting a second
blood sample 10 min later. Horses with PPID have a marked
increase in plasma ACTH concentrations in response to TRH.
The TRH stimulation test appears to have greater sensitivity
than resting ACTH measurements and is therefore
recommended when clinical signs are subtle and early PPID is
suspected.

Reference intervals are required when plasma ACTH
concentrations are used to diagnose and monitor PPID, and
these intervals must be appropriate for the time of year when
the horse is tested and assay used. Copas and Durham (2012)
established seasonal reference intervals for plasma ACTH
concentrations in horses and reported upper limits of
29 pg/ml between November and July and 47 pg/ml
between August and October for horses in the UK. Seasonally
adjusted reference intervals allow horses to be evaluated
in the late summer and autumn when ACTH concentrations
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are higher and melanotrophs within the pars intermedia
are more active. Alpha melanocyte-stimulating hormone
concentrations are also increased with PPID and are affected
by season (McGowan et al. 2013a), but this measure is not
offered by laboratories. The August to October period
was avoided in the past, but this time of year is now
recommended as an appropriate time to assess horses on
pergolide treatment. Plasma ACTH concentrations should be
measured biannually, in the autumn and spring, and the
pergolide dosage should be adjusted to maintain plasma
ACTH concentrations within reference intervals at both times
of the year.

Only the laboratory response to pergolide treatment has
been discussed so far and this is the recommended approach
when managing horses with early PPID that respond well to
treatment. However, horses with advanced PPID at the time
of first diagnosis often have very high plasma ACTH
concentrations, sometimes in excess of 1000 pg/ml. It may not
be possible to return plasma ACTH concentrations to normal in
these cases, so other approaches must be considered. The first
approach is to adjust the pergolide dosage until a significant
downward shift in ACTH concentrations is detected. For
example, a downward shift to 250 pg/ml represents a
significant improvement in a horse with a plasma ACTH
concentration of 1000 pg/ml. If the owner can afford to
administer pergolide at higher doses, the dosage should be
incrementally increased to try and return plasma ACTH
concentrations to within the reference interval. In the authors’
experience, pergolide can be administered to a maximum
dosage of 0.01 mg/kg bwt (5 mg for a 500 kg horse) without
adverse health effects. Although this is the preferred
approach, it is also practical to consider the finances of the
owner and select a dosage that elicits a significant downward
shift in plasma ACTH concentration, even if concentrations
remain above reference interval. When discussing prognosis,
clinicians can point out that only some of the ACTH produced
in horses with advanced PPID is likely to be biologically active,
so the laboratory values might be only loosely correlated with
clinical signs. In the same example, lowering the ACTH
concentration to 250 pg/ml could therefore be associated
with a significant improvement in clinical signs. Our second
recommendation is therefore to monitor clinical responses
to treatment. Outcomes of pergolide treatment include
increased alertness and activity, resolution of polyuria and
polydipsia, lower incidence of laminitis, improved immune
function and fewer bacterial infections, mitigation of
hyperglycaemia and hyperinsulinaemia, increased muscle
mass, and improvements in haircoat quality, hair length and
shedding. If a downward shift in ACTH concentrations is
detected and clinical signs improve, owners should be
encouraged to continue long-term treatment. Some horses
show gradual improvement in clinical signs over time, even
when receiving pergolide at a dosage suboptimal from a
laboratory standpoint. Pituitary pars intermedia dysfunction is
a manageable endocrine disorder, even in its advanced
stages, and geriatric medicine is a growing field in equine
practice.

There are a number of secondary problems encountered
in horses with advanced PPID that should be kept in mind. As
mentioned above, polyuria and polydipsia are encountered in
horses with advanced PPID and result from the reduced action
of antidiuretic hormone on the kidney, as described in a
recent report by Moses et al. (2013). Hypertriglyceridaemia is

also a concern when horses enter negative energy balance,
as occurs with colic, dental disease or systemic illness. Dunkel
et al. (2013) describe this problem in their recent retrospective
study of hospitalised horses and ponies. Of the 7 animals
identified with endocrine disorders and hypertriglyceridaemia
(serum triglyceride concentration >5.65 mmol/l), 3 horses and 3
ponies were diagnosed with PPID and 5 had concurrent type
2 diabetes mellitus. This report and the 3 horses with type 2
diabetes mellitus described by Durham et al. (2009), have
raised our awareness of these problems in horses with PPID.
Glucose concentrations must be closely monitored in horses
with PPID that encounter stress associated with medical
conditions or hospitalisation, and insulin therapy should be
considered if hyperglycaemia and hypertriglycerideaemia are
encountered.

Management and monitoring of
insulin dysregulation
Insulin dysregulation collectively refers to increased insulin
responses to oral sugars, hyperinsulinaemia and insulin
resistance, and these problems manifest to different degrees in
genetically susceptible horses and ponies. The degree of ID
depends upon modifying factors, including obesity, diet and
PPID. Adiposity and tissue insulin sensitivity are negatively
correlated in horses (Carter et al. 2009), so the first goal of
managing ID in an obese horse or pony is to induce weight
loss. Exercise should be increased and energy intake restricted
by removing energy-dense feeds such as grain from the diet
and limiting pasture access. Obese equids should be
maintained on a diet of hay plus a ration balancer to provide
essential nutrients. Amounts of hay can be calculated using
digestible energy requirements or a simple approach can be
followed in which hay is fed in amounts equivalent to 1.5% of
current bodyweight. If body fat mass does not decrease after
4 weeks, the daily amount of hay should be lowered to 1.25%
of bodyweight. A further reduction in hay ration to 1.0% of
bodyweight is needed in some cases. Some horses and ponies
remain obese on low-energy diets even after exercise is
increased to consume energy; and this is referred to as weight
loss resistance (Argo et al. 2012). Levothyroxine sodium can be
administered to accelerate weight loss in these animals, but
this approach is only practical in the USA where the drug is
inexpensive.

Our understanding of the relationships between insulin and
laminitis is improving as more research is performed, including
the 3 studies described in this virtual issue (Venugopal et al.
2011; Burns et al. 2013; Gauff et al. 2013), and these findings
emphasise the need for ID to be diagnosed and managed in
horses to prevent laminitis. Two tests are recommended for
diagnosing and monitoring ID: 1) an oral sugar/glucose test
and 2) measurement of fasting insulin concentrations. The first
test evaluates insulinaemic responses to ingested sugars and
the oral sugar test (OST) or in-feed oral glucose test (OGT) can
be performed. The OST is more commonly used in the USA
where corn syrup is readily available for purchase in
supermarkets. When this test is performed, the horse is fasted
from midnight onwards and corn syrup (0.15 ml/kg bwt) is
administered orally using dose syringes the next morning. Blood
samples are collected at 60 and 90 min and a high insulin
response is currently defined by an insulin concentration
>60 mu/l at either time point. The OGT is also performed after
fasting and the horse is fed 0.5 kg chaff-based feed that
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contains added dextrose powder (1 g/kg bwt) mixed with
water. A blood sample is collected 2 h later and an insulin
concentration ≥87 mu/l is a high insulin response. Fasting insulin
concentrations can also be measured to test horses for ID. A
single blood sample is collected after a short fast and fasting
hyperinsulinaemia is defined by an insulin concentration
>20 mu/l. This test is easy to perform and can be used when
owners have concerns about the OST or OGT. However,
breed-specific reference intervals are required to improve
the performance of this test and its sensitivity is low, which
raises concern about false negative results in mildly affected
horses.

If it is established from OST or OGT results that insulin
responses to ingested sugars are high, a diet should be
selected to minimise post prandial hyperinsulinaemia by
limiting the intake of simple sugars and starches, which are
rapidly hydrolysed to glucose. Grain and sweet feeds should
be fed with caution and the amount of grass consumed on
pasture should be limited by restricting the area for grazing or
placing a grazing muzzle on the horse to decrease feed
intake. If insulin concentrations markedly increase during the
OST, hay with low nonstructural carbohydrate content should
be selected and forage analysis is recommended. Hay can be
soaked in cold water for 30 min to lower the sugar content
although this method does not yield a predictable decrease in
sugars.

Metformin hydrochloride is administered to horses with ID
despite its low oral bioavailability (Hustace et al. 2009) and a
study performed by Rendle et al. (2013) examines the
mechanism of action of this drug in equids. Results indicate
that metformin acts locally at the intestinal level to lower post
prandial glucose and insulin concentrations. Only healthy
horses were evaluated in the study, but results support the use
of metformin to limit post prandial hyperinsulinaemia in horses
with ID, and current recommendations are to administer
metformin at a dosage of 30 mg/kg bwt orally every 8–12 h,
with the drug administered 30–60 min before the horse is
fed, if possible. The authors reserve metformin treatment for
horses and ponies with markedly increased OST insulin
concentrations, even after loss of body fat mass and dietary
management.

Insulin dysregulation should be monitored by measuring
fasting insulin concentrations (if initially elevated) or repeating
the OST or OGT. High plasma triglyceride and leptin
concentrations can also accompany ID and obesity, and
should decrease with appropriate management. Adiposity is
monitored through body condition scoring, measuring
abdominal circumference at the umbilicus, or neck crest
scoring. Pituitary pars intermedia dysfunction exacerbates ID
and horses aged >10 years should be closely monitored for the
development of this condition.

Conclusions
Equine endocrine disorders are increasingly recognised and
have become an integral part of wellness evaluations in
horses. Establishing best practices in the diagnosis and
management of the 2 common endocrine disorders, PPID and
ID, will lower the risk of laminitis and improve the health
of horses. Increased awareness of endocrine disorders,
including rarer conditions such as diabetes mellitus and
hyperparathyroidism, is expanding our knowledge in this area
of veterinary medicine.
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Case Report

Navicular bone osteomyelitis and navicular bursitis with associated
fistula diagnosed with magnetic resonance fistulography
in the horse
E. B. Garcia, N. Rademacher*, C. T. McCauley† and L. Gaschen
Department of Veterinary Clinical Sciences, Section of Diagnostic Imaging; and †Equine Health Studies Program,
School of Veterinary Medicine, Louisiana State University, Louisiana, USA.
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Keywords: horse; draining tract; navicular bursa; osteomyelitis; deep digital flexor tendon; tendonitis

Summary
A 7-year-old Quarter Horse gelding was referred for magnetic
resonance (MR) imaging due to chronic left hindlimb lameness
localised to the foot. On presentation, a previously
undiagnosed draining tract was identified at the plantar
aspect of the pastern. Radiographs revealed severe osteolysis
of the navicular bone. Positive contrast MR fistulography was
performed using a gadolinium based contrast agent following
conventional MR imaging of the left hind foot. Fistulography
allowed characterisation of a fistulous tract, which was closely
associated with the deep digital flexor tendon, navicular bursa
and osteomyelitis of the navicular bone.

History and clinical findings
A 7-year-old Quarter Horse gelding was referred for magnetic
resonance imaging (MRI) of the left hind foot for the
investigation of intermittent lameness of 3 months’ duration.
Recurrent subsolar and coronary band abscesses were
diagnosed by the referring veterinarian. Treatment prior to
referral included debridement of devitalised tissue from
both the sole and coronary band, oral administration of
nonsteroidal anti-inflammatory medication, oral administration
of antibiotics, and administration of antibiotics by regional limb
perfusion.

At presentation, the horse was grade 4–5 out of 5 lame
using the AAEP lameness scale on the left hindlimb (Anon
1999). A draining tract not previously reported by the referring
veterinarian was identified at the plantar aspect of the
pastern. A low 4-point nerve block and a dorsal ring block
performed proximal to the metatarsophalangeal joint resulted
in marked decrease in the degree of lameness.

Imaging

Radiography
Radiography of the left hind foot revealed severe navicular
bone osteolysis of the distal half of the flexor cortex extending
into the medullary cavity (Fig 1). Moderate concentric soft
tissue swelling was evident from the metatarsophalangeal joint
to the level of the coronary band. The findings were most
consistent with infectious osteomyelitis.

Magnetic resonance imaging
The horse was placed under general anaesthesia using a
standard anaesthetic protocol. Magnetic resonance imaging
was performed using a 1.5 T magnet (Echelon)1 with the horse

in left lateral recumbency. Sagittal proton density (PD) at 3 mm
slice thickness, T2-weighted fast spin echo (T2W FSE) at
4 mm slice thickness, fast inversion recovery (FIR) at 4 mm
slice thickness, transverse PD and T2W FSE both at 3 mm slice
thickness, and a dorsal PD sequence at 3 mm slice thickness
sequences were acquired from the tip of the foot to the
midpoint of the proximal phalanx. A transverse 3D T2*
sequence was acquired and reconstructed in 1 mm thick
slices in the sagittal plane.

The distal aspect of the navicular bone flexor cortex
showed a large ill-defined zone of hyperintensity on PD,
T2* and FIR sequences (Fig 2). Multifocal, 1–2 mm diameter

Fig 1: Lateromedial radiograph of foot of left pelvic limb. The distal
aspect of the flexor cortex is lytic and irregularly bordered with
extension of lysis into the adjacent medullary region. The distal
interphalangeal joint is dorsally subluxated. The horse was unable
to bear full weight on the left pelvic limb during acquisition of this
image.
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hypointense structures were present within the region of the
abnormal hyperintense signal at the distal and lateral flexor
surface of the navicular bone. The distal sesamoidean impar
ligament was subjectively thickened and surrounded by a
region of PD, T2W and FIR mixed signal intensity, which was
primarily hyperintense. The dorsal aspect of the deep digital
flexor tendon (DDFT) at the level of the navicular bone was
subjectively thin, most severe in the medial lobe. A T2W, PD
and T2* hyperintense signal was evident at the dorsal border of
the DDFT, more severe in the medial lobe compared to the
lateral lobe (Fig 3). Proton density and T2* hyperintensity of the
DDFT was more extensive compared with T2W sequences and
extended full thickness through the medial lobe of the tendon
and partial thickness through the lateral lobe. The navicular
bursa was poorly visualised on all sequences.

Within the plantar aspect of the pastern, the soft tissues
dorsal to the digital cushion showed a faint PD isointense and
well defined T2W and FIR hyperintense tract on sagittal
images. However, the course of this tract was faintly visible as
it approached the DDFT and the dorsal extent of the tract
could not be delineated on either sagittal or transverse PD and
T2 weighted sequences. Diagnoses of navicular bone necrosis,
navicular bursitis, impar ligament desmitis and distal border
fragmentation, focal deep digital flexor tendonitis and a
fistula of the left hind foot were made. To determine if
communication existed between the fistulous tract and
components of the podotrochlear apparatus, fistulography
was performed.

Immediately following initial image acquisition, the surface
coil was removed and the left hind pastern region was
aseptically prepared. A sterile stainless steel probe
was placed temporarily into the fistulous tract so that 6 ml of
1% Gd-DPTA (Magnevist)2 could be introduced. Sagittal T1W

FIR 3D T2*

Fig 2: Mid-sagittal FIR and 3D GRE T2* images of the left hind foot. The FIR image was acquired with 4 mm slice thickness and the
GRE reconstructed with 1 mm thickness. The distal sesamoidean impar ligament is severely thickened and has increased signal intensity
on both sequences (arrowhead). The hypointense signal from the flexor cortical bone is absent (*) and there is increased FIR
signal intensity within the navicular bone medullary cavity. The DDFT is thinned with irregular borders (long arrow). A faint FIR hyperintense
tract is visible within the plantar soft tissues, proximal to the digital cushion and progresses towards the podotrochlear apparatus (short
arrows).

3D T2*

Fig 3: Transverse 3D GRE T2* image at the level of the mid middle
phalanx, just proximal to the proximal recess of the navicular
bursa. Medial is to the left. There are biaxial dorsal border
hyperintensities of the DDFT (arrows), which were also observed in
further distal images (not shown), extending to the level of proximal
aspect of the distal phalanx. Additionally, the dorsal border of
the DDFT is irregular and poorly delineated. Further proximal to this
image, the signal intensity of the DDFT was hypointense and
symmetrical.
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FSE 4 mm thick and dorsal and transverse 3 mm thick images
were acquired. Hyperintense contrast agent confirmed the
location of the fistulous tract from the plantar aspect of the
pastern, which coursed through the mid-sagittal digital
cushion, and diverted laterally around the DDFT to end at the
lateral aspect of the proximal navicular bursa recess (Fig 4).
Following fistulography a diagnosis of navicular bone necrosis,
and navicular bursitis due to a fistulous tract at the pastern was
confirmed.

Surgery and outcome
Following MRI, navicular bursoscopy was unsuccessfully
attempted due to loss of structural integrity of the bursa (Wright
et al. 1999). For this reason an alternative approach through
the sole of the frog was used to access the podotrochlear
apparatus (Fürst and Lischer 2006). Goals of surgery were
debridement of the navicular bone and therapeutic lavage of
the navicular bursa. Surgical findings included soft and
necrotic bone at the flexor surface of the navicular bone,
which extended into the medullary cavity. The navicular bursa
was unidentifiable surgically. Following surgery, the horse failed
to show improvement despite aggressive systemic and
regional antibiotic therapy, aggressive multi-modal pain
management, anti-inflammatory therapy and supportive care
to prevent support limb laminitis. During a second surgery,
deep digital flexor tenotomy was performed in an attempt to
manage pain by minimising pressure applied to the navicular
bone by the DDFT (Hunt et al. 1991).

Due to failure to respond to therapy, the owner declined
further treatment and the horse was discharged for
euthanasia by the referring veterinarian. No necropsy was
performed. The case described in this study was treated

according to current veterinary ethical and professional
guidelines as described by Anon (2012).

Discussion
Magnetic resonance fistulography allowed the cause
of lysis of the navicular bone, focal DDFT lesions and
destruction of the navicular bursa to be linked to a fistulous
tract. In this study, a gadolinium based paramagnetic contrast
agent was used that has the effect of decreasing T1 relaxation
time which results in increased signal produced during a T1
weighted sequence (McRobbie 2007). One report of equine
MRI fistulography is available and only describes the use of
iodinated contrast that remained present following
radiographic fistulography (Kinns and Mair 2005). Another
study reported the use of 3D GRE T1 weighted imaging to
diagnose experimentally created thoracic duct fistulae in pigs
following administration of gadolinium contrast agent into the
hindlimb interstitium (Staatz et al. 2003). We found a similar
improved ability to identify the fistula following contrast
administration in our study using a 3D T1W GRE sequence.
Magnetic resonance fistulography has been described more
commonly in man for perianal and anovaginal fistulae (Sabir
et al. 2000; Ergen et al. 2007; Waniczek et al. 2011). Post
contrast T2W GRE, and to a lesser extent precontrast STIR
sequences, provided the greatest ability to identify perianal
fistulous tracts using gadolinium enhanced fistulography with
MRI (Sabir et al. 2000). Post contrast T1W sequences were less
effective at highlighting fistulous tracts due to the inability to
distinguish hyperintense Gd-DTPA from hyperintense perineal
fat (Sabir et al. 2000). This differed from our findings where T1W
images following administration of Gd-DTPA allowed for
excellent contrast with the relatively hypointense digital

T1 T1

Fig 4: Post fistulography sagittal and transverse T1W images. The fistulous tract (arrows) is observed clearly traversing the plantar soft tissues,
tracking to the level of the DDFT, redirecting laterally and then dorsally to the level of the proximal border of the navicular bone and
navicular bursa. Multifocal foci of signal void are located within the centre of the fistulous tract, probably representing air that was
introduced iatrogenically during contrast administration. The full extent of the fistulous tract was not evident on precontrast images.
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cushion and surrounding plantar soft tissue structures. This
difference from human perianal MRI fistulography can be
explained by a difference in regional tissue composition, with
the digital cushion containing collagenous and elastic fibres
with minimal fat and cartilage (Dyce et al. 2010).

Even though it was unable to be confirmed in this case,
penetrating solar trauma is reported as a cause for septic
navicular bursitis in mature horses (Honnas 1992). Injuries from
penetrating foreign objects in the foot often result in a
hypointense tract with MRI that persists for weeks following the
initial injury, which would not be possible to diagnose with
radiography unless osseous changes develop (Kinns and Mair
2005). T1W and T2W hypointensity of tracts is explained in
acute stages as a signal void due to air, and in chronic stages
as a result of mineralisation or haemosiderin (Kinns and Mair
2005; Murray et al. 2006). Similar findings at the distal flexor
surface of the navicular bone were present in the current
case. Penetrating foot trauma is less common than other types
of foot injury in the horse and was identified in 5 of 347 horses
examined for foot pain using MRI that also exhibited
hypointensity in the palmar soft tissues (Dyson and Murray
2007). Penetrating foot trauma is often identified in
conjunction with injury to other soft tissue structures such as the
DDFT, navicular bursa, distal sesamoidean ligament or distal
phalanx (Dyson et al. 2005; Kinns and Mair 2005; Dyson and
Murray 2007). Magnetic resonance imaging has been shown
to be an excellent modality for diagnosing penetrating foot
injury in the horse (Boado et al. 2005; Kinns and Mair 2005).

Radiographic fistulography is the traditional method for
defining fistulous tracts in the equine digit or other anatomy
secondary to penetrating trauma and to improve
identification of foreign bodies (Barber 1983). Its usage has
been described and shown to aid in determination of
soft tissue involvement, communication with synovial structures
and communication with bone in horses (Lamb 1991).
Computed tomographic fistulography has also been
described in veterinary and human literature and
demonstrates improved identification of fistulous tracts, foreign
bodies and diagnosis of osteomyelitis compared to
radiography (Vasil’ev et al. 2003; Johnson-Neitman et al.
2006). Magnetic resonance imaging was indicated based on
the history of chronic foot pain and the need for evaluation of
the soft tissue structures in the foot for determination of
prognosis and potential surgical approach (Dyson et al. 2005).
During initial acquisition, the course of the draining tract could
not be determined with standard MRI sequences. Therefore,
it was decided to add a fistulography to gain more information
for prognosis and surgical approach. Superimposition and
poor soft tissue resolution of a radiographic contrast
fistulography compared to MRI would have limited the ability
to determine the course of the draining tract and its
relationship with soft tissue structures within the foot and would
have prolonged anaesthesia time.

Magnetic resonance bursography may have provided
further evidence of communication with the fistulous
tract and the navicular bursa or information regarding
the integrity of the bursa. Since the time of the initial
examination of the horse in this report, 2 reports describing
contrast navicular bursography in the horse have been
published. One cadaver study reports that administration of
saline into the navicular bursa allowed for separation
of the dorsal border of the DDFT and the palmar border of the
navicular bone, which improved evaluation of navicular

fibrocartilage (Schramme et al. 2009). Another study describes
improved identification of adhesions between the navicular
bursa and DDFT using MRI following bursal distension with
iodinated contrast agent (Maher et al. 2011). Had
bursography been used in the case described here, the fullest
extent of navicular bursal involvement may have been
appreciated. We attempted navicular bursoscopy in our
patient but were unable to enter the bursa or visualise any
normal bursal tissue. This is probably due to the destruction of
the navicular bursa by a suspected septic process and may
have prevented our ability to perform MRI bursography had it
been attempted.

This report describes the use of gadolinium contrast agent
to improve the identification of a fistulous tract in
the foot of a horse. Portions of the fistulous tract could be
identified prior to fistulography, especially with T2W FSE
sequences, but the location and full extent were only evident
in T1W post contrast images and confirmed the extremely
close association with the navicular bone, DDFT and navicular
bursa lesions. Magnetic resonance fistulography was ideal for
the simultaneous description of the soft tissue pathology and
definition of the fistulous tract with the use of one imaging
modality.
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Clinical Commentary

The use of magnetic resonance imaging for the diagnosis
of osteomyelitis
N. Werpy
Diagnostic Imaging Department, University of Florida, Gainesville, Florida, USA.
Corresponding author email: werpyn@ufl.edu

The case presented in this issue by Garcia et al. (2014)
demonstrates the use of magnetic resonance imaging (MRI)
positive contrast fistulography in a horse with a penetrating
foot wound and associated osseous and soft tissue injury.
Based on the history, and clinical and imaging examinations,
infectious osteomyelitis was strongly suspected. Radiographs
demonstrated evidence of osteolysis of the navicular bone,
but further imaging was needed to confirm this finding and
evaluate the soft tissues (Urraca Del Junco et al. 2012). The soft
tissue detail and exquisite fluid sensitivity make MRI the
modality of choice when evaluating a penetrating wound
and particularly when extension to the osseous column is
suspected (Fig 1). No other modality has the ability to define
the extent or involvement of associated structures with the
same accuracy.

Differentiating septic conditions such as osteomyelitis from
regional inflammation or trauma is difficult to impossible
without the identification of bone lysis regardless of the
imaging modality. The clinical history and examination is
critical for accurate interpretation of the imaging findings.
However, there can be significant overlap between horses
presenting with infection vs. inflammation. These cases
are challenging, and often require additional diagnostic
imaging to aid in the differentiation between infection and
inflammation. This can be most difficult when attempting
to differentiate joint sepsis with periarticular/subchondral
osteomyelitis from a joint flare with osseous inflammation. This is
because the same overlap in these cases that can occur with
the clinical presentation can also occur with imaging findings.

One of the earliest pathological changes in the
development of osteomyelitis is osseous fluid accumulation
and MRI is the only imaging modality that can be used for its
identification (Yang et al. 2006; Jaramillo 2011; Guillerman
2013). The earliest pathological changes in osteomyelitis can
be identified using skeletal nuclear scintigraphy. However, this
modality is dependent on the presence of actual bone
turnover and not specifically the presence of osseous fluid. For
this reason, nuclear scintigraphy is sensitive for early bone injury
but not specific for osteomyelitis (Boado et al. 2005; Jaramillo
2011; Urraca Del Junco et al. 2012). Fat suppressed and fluid
sensitive MRI sequences, such as the STIR sequence, are most
frequently used to identify fluid in bone. While normal bone is
relatively homogenous dark grey to black on images acquired
using the STIR sequence, fluid in bone is detected as regions of
increased signal intensity and the affected area appears grey
to white. The degree of hyperintensity (dark grey, light grey or
white) is based on the severity of the fluid accumulation and
the fluid composition. Pure fluid will appear a different shade
of grey to fluid with cells and/or protein, depending on the MRI
sequence. Although fat suppressed sequences are most

commonly used for the identification of osseous fluid and are
generally most sensitive, other MRI sequences can also be
utilised. All MRI sequences should be compared as the
different sequences provide different pieces of information
(Werpy and Barrett 2012).

The diagnostic imaging challenge in these cases is that the
signal patterns for these conditions, joint sepsis vs. joint flare,
are not specific, and at different stages and severities there
can be marked similarities in the appearance of the MRI
images (Kuemmerle et al. 2006). The interpretation of the
images must utilise all of the available signs including the
associated or adjacent synovial and soft tissue structures. Joint
capsule inflammation and synovitis, as well as soft tissue
swelling are important indicators, as they are often more
prominent with sepsis (Yang et al. 2006; Jaramillo 2011;
Guillerman 2013).

Although the imaging modality of MRI is uniquely sensitive
to the identification of osseous fluid, the fluid can also be
a nonspecific finding (Fig 2). Fluid is seen in cases with
osteomyelitis, osteonecrosis, resorption, trauma, inflammation,
limb overuse and altered biomechanics (Schweitzer and
White 1996; Grampp et al. 1998). It is important to understand

Fig 1: A penetrating wound is present, evidenced by a tract
containing haemorrhage (arrow). The tract extends from the sole
through the digital cushion into the proximal recess of the navicular
bursa (asterisk). Magnetic resonance imaging provides an
excellent method for determining the extent of abnormalities
resulting from a penetrating wound.

15

© 2013 EVJ Ltd

EQUINE VETERINARY EDUCATION / AE / JANUARY 2014

mailto:werpyn@ufl.edu


that osseous fluid from osteomyelitis can appear as the same
shade of grey as fluid from inflammation or trauma. The shade
of grey in the region of fluid, which is determined by the
severity and the composition of the fluid, is an important factor

in ranking the differential diagnoses for these cases in
conjunction with the clinical presentation. In order to
differentiate the aetiology of the fluid accumulation better, i.v.
administration of gadolinium can be considered (Morrison
et al. 1993). The synovial membrane is expected to have
marked contrast enhancement in sepsis. However, this can
also be difficult to differentiate from severe inflammation and
enhancement is considered a nonspecific finding (Ledermann
et al. 2002; Averill et al. 2009).

Lysis is the most definitive diagnostic imaging abnormality
that can lead to a confident diagnosis of osteomyelitis (Pineda
et al. 2006). In the earliest stages of osteomyelitis, lysis may not
be initially visible, and then becomes visible on subsequent
studies. The cross sectional nature of MRI makes it very sensitive
to the progression of bone lysis that can occasionally occur
very rapidly, resulting in significant lysis in 1–2 weeks that was
not present on the initial study. The use of standing, sedated
MRI is particularly useful in this situation for frequent recheck
examinations when attempting to monitor treatment and
disease progression. In certain cases, it will not be possible to
diagnose osteomyelitis using only one MR examination and a
second may be necessary to evaluate the affected structures
(Werpy 2012).

In the case of a penetrating wound, bone loss as a result of
osteomyelitis is a great concern. However, it is important to
note that bone loss can occur without infection. Trauma to the
bone by the penetrating object can result in osteonecrosis or
resorption. In these cases the MRI images and radiographs
should be evaluated together as the fine bone detail can be
better assessed on radiographs when it is in a visible location.
Regardless of these assessments, when in doubt these cases
should be treated like sepsis with osteomyelitis until proven
otherwise (Jann and Pasquini 2005; Murray 2012). Typically,
even in the absence of infection, there is initially significant
inflammation in the bone recognised on MR images by the
presence of fluid. Trauma and/or joint flares can result in
enough inflammation to see abnormalities develop in the
articular cartilage and the periarticular margins. The lack of
infection in cases with severe inflammation does not decrease
in importance of this relative to the long-term health of the
joint.

The case presented in this issue by Garcia et al. (2014)
demonstrates the use of positive contrast fistulography in a
horse with a suspected penetrating wound. Clear signs of
osteomyelitis were present in this case. However, it is important
to remember that the distinction between infection and
inflammation can be difficult even with MRI and may require
more than one imaging study.
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Case 1

Case 2

Fig 2: STIR sagittal images from 2 different cases. Case 1 became
severely lame 4 days after treatment of the navicular bursa. Fluid is
present in the navicular bone and distal phalanx. Synovial fluid
analysis from the navicular bursa was not definitive for infection.
Case 2 has a penetrating wound (white arrow) with lysis of the
navicular bone (arrowhead), severe deep digital flexor tendon
injury and osseous fluid affecting the navicular bone and distal
phalanx. The osseous fluid appears similar in these 2 cases in both
its location and intensity. However, the cause of the fluid may be
quite different. In Case 2, osteomyelitis is the most likely cause of
the fluid. However, in Case 1 there is not clear distinction between
inflammation or infection, and both remain possible.
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Case Report

Multimodal therapy including electroacupuncture for the treatment
of facial nerve paralysis in a horse
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Summary
This Case Report describes a 5-year-old Standardbred gelding
that was referred to the Equine Hospital of ONIRIS Veterinary
School of Nantes, France for a surgical procedure under
general anaesthesia. Anaesthesia was induced and
maintained intravenously and the horse was placed in left
lateral recumbency with a padded halter. On post operative
Day 1, a post anaesthetic distal facial nerve branch paresis
was diagnosed based on clinical signs. The horse was
discharged on post operative Day 2 with medical treatment
based on anti-inflammatory drug administration locally and
systemically. The horse was re-examined 2 weeks after the
surgery; the left partial facial paralysis was still present and
associated with amyotrophy of the muscles supplied by the
buccal branches of the facial nerve. In accordance with the
owner, the horse was hospitalised to start an electrostimulation
treatment. The horse was treated every day for the first 4 days,
then every 2 or 3 days during the following 3 weeks, for a total
of 11 sessions. At the end of the second week of treatment,
the horse was able to normally prehend the food and
atrophy seemed reduced. The horse was discharged from
hospitalisation at the end of the third week of treatment with
specific recommendations. One month after discharge from
the hospital just a slight asymmetry could be noticed at rest. Six
months later, the training season began and the horse was
able to perform. Facial paralysis due to nerve compression is a
well-known complication of anaesthesia. Gradual recovery of
function over the weeks of treatment suggests that
electroacupuncture may promote recovery and may hasten
time of recovery.

Introduction
Facial nerve paralysis has been identified in several domestic
species (DeLahunta and Glass 2009). The most common cause
in horses is a facial nerve traumatic injury, which can be a
consequence of direct trauma to the nerve or a result of local
inflammatory changes involving the nerve (Sumano et al.
1997; Rose and Hodgson 2000). It may improve over days,
weeks or months without treatment, but can also persist for
months to years and lead to inability to perform (Jeong et al.
2001; Smith and George 2009). In man, there is some evidence
to support acupuncture as a treatment for facial paralysis
(Dong and Xie 2002; Mayor 2007). Electroacupuncture has
been regarded as a therapeutic option for various muscular
and neurological conditions and may also be able to facilitate
the treatment of facial paralysis in horses (Sumano et al. 1997;
Fleming 2001; Kim and Xie 2009). Electroacupuncture elevates
neurotrophic factors such as neurotrophine 3 (NT-3) and level

of cyclic adenosine monophosphate in injured spinal cord
tissue (Ding et al. 2009). Neurotrophine 3 plays an important
role in nervous system development, neuronal survival and
differentiation, and neural repair. Elevated NT-3 expression can
improve the microenvironment of injured spinal cord (Yan
et al. 2011). In addition, a previous study reported that
electroacupuncture treatment can prevent the formation of a
glial scar after spinal cord injury (Yang et al. 2005). More
interestingly, regarding functional peripheral nerve
regeneration it has been shown that electroacupuncture
exerts a positive influence on motor recovery and reduced
pain related behaviour in mice after sciatic nerve crush injury
(Hoang et al. 2012). This clinical case reports the use of
electrostimulation in the treatment of traumatic partial facial
nerve palsy following a surgery under general anaesthesia in a
horse.

Case history
A 5-year-old Standardbred gelding was referred for surgical
release of an epiglottic fold entrapment to the Equine Hospital
of ONIRIS Veterinary School of Nantes, France. The surgery was
performed under general anaesthesia with the horse placed
in left lateral recumbency in a padded recovery box.
Anaesthesia was induced intravenously with diazepam
(Valium)1 at 0.05 mg/kg bwt and ketamine (Imalgene)2

at 2.2 mg/kg bwt after a romifidine premedication (Sedivet)3,
at 0.08 mg/kg bwt and maintained by administration of
a triple drip (guaifenesin 5%, ketamine 1 g/l, romifidine
0.05 g/l). The surgical site was accessed by the oral cavity and
the procedure was performed under endoscopic guidance.
No intraoperative complications were encountered. The
procedure lasted 18 min and the total recumbency duration
lasted 60 min. During the procedure, a padded halter was
kept on the horse in order to mobilise the head easily and was
left during recovery.

Clinical findings and diagnosis
On post operative Day 1, the horse presented a marked
muzzle deviation towards the right side, the left nostril was
collapsed and sagging inwards during inspiration. The lower lip
on the left side hung loosely from its attachment and the horse
had difficulty prehending food. The left eyelid and the left ear
did not show any weakness. Additionally, swelling was present
on the left lateral aspect of the masseter at the level of the
facial nerve buccal branches. A traumatic distal facial nerve
branch paresis was diagnosed based on clinical signs (Fig 1).
The initial treatment was comprised of a single i.v.
administration of dexamethasone (Dexadreson)4 at 0.1 mg/kg
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bwt and local application twice a day of a topical gel
containing dimethyl sulfoxide and prednisolone. The horse
was discharged on post operative Day 2. The owner was
instructed to administer a 5-day course of phenylbutazone
(Equipalazone)4 at 2.2 mg/kg bwt per os s.i.d., to rest the horse

for 2 weeks (1 week of box rest and 1 week in the paddock),
and to return for follow-up.

The horse was re-examined 2 weeks after the surgery for a
post operative evaluation of the upper airway and the facial
paralysis. The left partial facial paralysis was still present and a

a) b)

Fig 1a) and b): The horse with distal facial nerve palsy associated with a marked muzzle deviation towards the right side and the lower lip
on the left side hung loosely.

Facial nerve

1
3

4

6

7

2

5

Dorsal buccal
branch
Ventral buccal
branch

Zygomaticus

Levator
nasolabialis

Levator
labii
superioris

Orbicularis
oris

Depressor labii
inferioris

Buccinator
Caninus

Fig 2: Superficial structures of the head; the course of the facial nerve and muscles supplied by its buccal branches.
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discrete amyotrophy of the muscles supplied by the buccal
branches of the facial nerve (levator nasolabialis, orbicularis
oris, levator labii superioris, caninus, depressor labii inferioris,
buccinator, zygomaticus) was noted by comparative
palpation of the muscles on both sides of the face (Fig 2). Food
impaction in the left cheek and drooling on the left side of the
lips had worsened. Cranial nerve testing did not reveal any
additional abnormalities apart from the left distal facial nerve.
Muscle tone and movements of the left eyelid and the left ear
were deemed normal. Endoscopic examination of the upper
airway including the left guttural pouch did not show any
abnormality and confirmed the resolution of the epiglottic
entrapment with normal healing at the surgical site.

Treatment
Due to a lack of spontaneous recovery of the paresis and the
identification of muscle atrophy, the horse was hospitalised to
start an electrostimulation treatment.

The acupuncture points were selected in accordance to
veterinary literature and adapted to the course of the facial
nerve on this horse (Fleming 2001; Jeong et al. 2001; Mayor
2007). The electroacupuncture unit used was an IC-1107+5

(Fig 3) that has 3 output channels device, an adjustable
frequency 0–500 Hz, an asymmetric biphasic pulse shape with
a phase duration of 100 ms on low voltage (0–10 V) and a low
current amplitude (0–20 mA). Needles (Serein 0.25 ¥ 40 mm)6

used were single-use, sterile, silicon coated individually
packaged acupuncture needles. They were inserted just
under the skin or directly into the muscle. Needles were

attached by lead clip to the electroacupuncture unit. The
thinness of the skin facilitated the palpation of the buccal
branches. For the first 3 sessions, the acupoints TH17, ST4, 6 and
7 were used bilaterally (Table 1). Extra needles were inserted
subcutaneously along the dorsal and the ventral buccal
branches on the left side and intramuscular needles were
inserted in the levator labii superioris, the caninus and the
depressor labii inferioris muscles (Fig 4). In the following
sessions, TH17 and ST7 were treated bilaterally. Two or 3 points
along each buccal branch were selected on only the left side.
Three leads were used for the electrostimulation (ITO ES-130):
one lead on each facial buccal branch and one lead in the
muscle (alternating every 5 min between the caninus,
orbicularis, levator labii superioris and depressor labii inferioris
muscles), for the first 3 treatments. Once nerve conduction
had fully returned (Treatment 4), stimulation of each buccal
branch was used to elicit muscle contractions of the nostril,
upper and lower lips (Fig 4). Electrostimulation lasted 20 min
with alternating frequencies every 5 min between 5 and
200 Hz with a low current intensity. A frequency of 1.5 Hz was
used for repeated muscle contractions for periods of 2–3 min 3
times during the treatment. Each treatment from the fourth
session onward included a few short provoked tetanic
contractions (1–2 s, <10 in a row) of the nostril-upper lip and the
lower lip by stimulation of each branch. Needle insertion
was always very well tolerated as well as low intensity
electrostimulation. Induced tetanic contractions elicited a
large head movement during the first applications but slowly
increasing the intensity of stimulation resolved the initially
observed discomfort. The horse was treated every day for the
first 4 days, then every 2 or 3 days during the following 3 weeks,
for a total of 11 sessions. During the second week, physical
therapy was used in conjunction with the acupuncture
therapy; presenting hay to the left side of the mouth at least 3
times a day to stimulate active mobilisation of the left side of
the lips for 10 min and daily grazing in the paddock facilitated
mobilisation of the affected muscle (Table 2).

Outcome
After the 4 first treatments, the horse exhibited an improved
ability to drink and feed with less cheek impaction and
reduced drooling at the left commissure. Weak spontaneous
movements of the upper lip were noticed at the end of the first
week and facial asymmetry diminished progressively over the
3-week course of treatment. At the end of the second week of
treatment, the horse was able to normally prehend the food
with his left side of the lips. Atrophy seemed reduced and the
food impaction had disappeared. The horse was discharged
from hospitalisation at the end of the third week with
instruction to keep promoting food prehension on the left side
of his lips twice daily for one month. One month after
discharge from the hospital, a slight asymmetry could be
noticed at rest but disappeared while the horse was mobilising
his lips. The horse’s training season began 6 months after the
treatment and no exercise intolerance was observed.
Furthermore, the left nostril appeared to dilate normally at
exercise.

Discussion
In horses, traumatic facial paralysis is a well-known
complication of abnormal pressure applied to the face over
the track of the facial nerve. Predisposing factors include

Fig 3: The electroacupuncture unit, IC-1107+.
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anatomic features in the horse, such as the nerve passing
over prominent facial bony structures (rim of the ramus
mandibulae, supraorbital ridge) and nerve location in thin
subcutaneous tissue as well as prolonged periods of complete
lateral recumbency on hard surfaces or wearing a halter with
large buckles and thick leather or fabric (DeLahunta and Glass
2009; Smith and George 2009). Despite padding precautions
and a short duration of recumbency, facial paralysis

developed in this horse and was probably a result of keeping
a large, thick and insufficiently padded halter on the head.

The World Health Organisation has included Bell’s palsy in
its list of diseases for which acupuncture therapy is indicated
and a wide variety of human facial paralyses are commonly
treated by acupuncture and electroacupuncture (Dong and
Xie 2002; Mayor 2007). Point selection based on traditional
acupoints has been shown to be more effective when it is
adapted to the anatomical distribution of the facial nerve
branches and anatomical location of muscles targeted for
stimulation (Fleming 2001; Jeong et al. 2001; Mayor 2007). In
the treatment of various problems including paralysis,
electroacupuncture, as compared to simple needling, has
been shown to allow for more rapid, more intense and longer
lasting results (Mayor 2007). While experimental data have
supported the benefit of electrical nerve stimulation for axonal
regeneration following nerve trauma (Shi et al. 2000), direct
stimulation of denervated muscles has been a subject of
controversy. Excessive stimulation and movement of muscles
with reduced circulation is thought to increase fibrosis and
delay nerve regrowth and reconnection to muscles (Mayor
2007). However, electrical stimulation by its beneficial effects
on microcirculation and inflammation can improve tissue
nourishment and healing as well as delay atrophy and fibrosis.
Selection of electrical parameters based on intrinsic firing
characteristics of motor units themselves like in trophic
electrical stimulation (low frequencies and amplitudes)
appears to be less fatiguing and more able to maintain muscle
tone by altering metabolism rather than muscle fibre training
(Mayor 2007). Low frequency and low intensity stimulation for
short periods of time were therefore initially used to obtain
weak contractions of atrophied muscle in this horse. Once
nerve conduction had been regained, alternating high and
low frequency stimulation at low amplitude was used as it has
been shown to be more efficacious than a continuous
stimulation at a set frequency (Mayor 2007). This constitutes a
difference with the stimulation mode used by Sumano in his 12
clinical cases.

When the injury is mild, clinical signs often disappear in a
few days/weeks and it is thought that no nerve degeneration
occurs, only interruption of nerve conduction (neuropraxia).
The myelin sheath is temporarily damaged causing a focal
demyelination and a partial denervation of the muscles, which
can still be excited by stimulation of the motor nerve (Mayor
2007). If the lesion is more severe (neurotmesis), a complete
denervation leads to muscle degeneration and fibrosis starting
within 1–2 weeks of the nerve injury and is completed in about
3 years. In this sort of clinical case, the muscle fibres need to be
directly stimulated to contract. The severity of the lesion was
not clearly established; however, absence of spontaneous

TABLE 1: Description of acupuncture points used

Point, Chinese name Meridian Location area

ST4, Di Cang Stomach meridian Caudal to the corner of the mouth, at the ‘V’ junction of the levator nasolabialis
m. and zygomaticus m., on the outer margin of the orbicularis muscle.

ST6, Jiache Stomach meridian In the centre of the masseter muscle belly, just dorsal to the ventrolateral aspect
of the jaw. Located in a depression when the jaw is opened (where the ring
halter is).

ST7, Xia Guan Stomach meridian At the temporo-mandibular joint, ventral to the zygomatic arch, caudodorsal to
the lateral canthus, in the masseter m.

TH17, Yi Feng Triple heater Posterior to the ear in depression between the mandible and mastoid process.

TH17

ST6

ST7

ST4

Fig 4: Electroacupuncture treatment of a horse with left distal facial
paralysis and localisation of the acupuncture points used in the
treatment.

© 2013 EVJ Ltd

21EQUINE VETERINARY EDUCATION / AE / JANUARY 2014



recovery and muscle atrophy seems to be in favour of
neurotmesis. Rapid recovery of nerve conduction as identified
by muscle contraction elicited by stimulation of the nerve on
the third treatment probably indicates a less severe lesion than
initially assessed. Electroacupuncture treatment is believed to
have been beneficial in this case as observed by the recovery
and improvement of clinical signs over time. No improvement
was seen during the first 2 weeks with the initial medical
treatment and facial muscle atrophy had begun. Gradual
recovery of function over the 3-week electroacupuncture
course suggests that it is a favourable treatment. Sumano et al.
(1997) reported successful outcomes with a similar treatment
course: first stimulation within the 10 days (2 weeks for this case)
following paralysis onset with a mean of 13 (7–17) treatments
done every other day over a course of 3–4 weeks (11 sessions
over 3 weeks for the present case). Progressive improvements
were seen over the course of the treatment and very visible
after the first or second treatment as in the present
case. Although the factors involved in the decision of
treatment termination are not clearly stated, owner
satisfaction seemed to have played an important role.
Follow-up at 6 months showed no recurrence of clinical signs in
both case reports. Rehabilitation exercises were added to the
electroacupuncture for the present case during the second
week of treatment and likely also played a role in recovery.
Human and experimental data show that there are
advantages in combining electrotherapy and physiotherapy
(Angelov et al. 2007; Mayor 2007).

Conclusions
Distal facial paralysis in the horse as described in the present
case affects food prehension ability and nostril dilation. It can
result in dysphagia and inability to perform. Spontaneous
recovery can be long and incomplete, jeopardising
an athletic career. The use of electrotherapy seems
advantageous in promoting recovery and may hasten time of
recovery. However, as the amount of nerve injury was not
assessed before treatment and a multimodal therapeutic
approach was used, it is not possible to determine which part

of the treatment was the most efficacious, although the
treatment success was assumed to be due to the combined
therapy (electroacupuncture and physical therapy) after
initial medical treatment failed. Finally, it is important to keep in
mind that facial paralysis might occur even after a short lateral
recumbency and halters should be always removed when
possible. Discussion about appropriate positioning and
padding to avoid nerve lesion is the primary way to avoid
facial paralysis in horses undergoing general anaesthesia.
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TABLE 2: Therapeutic table

Type of
treatment

Day after
surgery Detailed description

Medical D1
D1–D5

Dexamethasone (Dexadreson, i.v.)4 at 0.1 mg/kg bwt, s.i.d.
Topical gel (dimethyl sulfoxide, prednisolone), b.i.d.
Phenylbutazone (Equipalazone)4 2.2 mg/kg bwt per os, s.i.d.

Acupuncture
First week

D16, D17, D18 Acupoints Extra needles Leads Mode and frequency
Bilaterally Left side Left side Treatment duration: 20 min
TH17, ST4, ST6, ST7 Subcutaneously

Along the dorsal and the
ventral buccal branches

Intramuscular needles
(Levator labii superioris,

caninus, depressor labii
inferioris)

One lead on needles placed
along left dorsal branch

One lead on needles placed
along left ventral branch

One lead on intramuscular
needles (levator labii
superioris, caninus)

Alternating every 5 min
(5–200 Hz)

Second and
third week

D19, D21, D23, D25,
D28, D31, D34, D37

TH17 and ST7 Along the dorsal and the
ventral buccal branches
with the proximal needle
just caudally to the origin of
the branches and the distal
needle proximal to the
rostral border of the
masseter

One lead on needles placed
along left dorsal branch

One lead on needles placed
along left ventral branch

Alternating every 5 min
(5–200 Hz)
Low current intensity
1.5 Hz for repeated muscle

contractions for periods of
2–3 min, 3 times during the
treatment

Physical
therapy

D23 to the end Hay presentation by hand of the left side to stimulate mobilisation of the affected muscles for 10 min, t.i.d. and
all day grazing.
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Clinical Commentary

Electroacupuncture for nerve injury in the horse
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The case report from de Fourmestraux et al. (2014) describes
the use of electroacupuncture (EA) in the treatment of a facial
nerve paralysis occurring as a post anaesthetic complication
in a horse. It was applied in addition to conventional treatment
in an effort to maximise the chances of recovery of nerve
function. Nerve trauma with varying degrees of nerve deficit
and associated pain are not uncommon in the horse. There
are many indications and opportunities for EA to improve the
outcome of injuries involving nerve damage, and there is good
evidence from clinical and experimental trials in other species
in the use of EA for these cases.

A recent review of the EA literature through PubMed gives
an account of the breadth of research in this area from 1975 to
2012 (Mayor 2013). This found 548 clinical studies of EA in man
and 1607 predominantly experimental animal studies. These
were mainly pain studies investigating endogenous opioid
mechanisms. More recently, nonpain studies dominate. The
findings support the upregulation of β-endorphins occurring in
the brain from low frequency EA (1–7 Hz) and the upregulation
of dynorphin in the spinal cord occurring from high frequency
EA (15–100 Hz). Electroacupuncture delivers a stronger dose of
acupuncture, more effectively upregulates the endogenous
opioid mechanisms, and is more easily standardised for
research purposes than manual acupuncture.

Peripheral nerve injuries result in partial or total loss of motor,
sensory, and autonomic functions in the denervated area due
to the interruption of axons, degeneration of distal nerve fibres,
and eventual death of axotomised neurons (Allodi et al. 2012).
Deficits can be compensated by regenerating injured axons
or by collateral branching of undamaged axons, and
remodelling of nervous system circuitry related to the lost
functions. Plasticity of central connections may compensate
functionally for the lack of adequate target reinnervation;
however, plasticity has limited effects on disturbed sensory
localisation or fine motor control after injuries, and may even
result in maladaptive changes, such as neuropathic pain and
hyper-reflexia (Navarro 2009). The lack of specificity of nerve
regeneration, in terms of motor and sensory axon regrowth,
pathfinding and target reinnervation, is one of the main
shortcomings for recovery.

Peripheral nerve regeneration has been extensively
studied in function and gene expression using a sciatic
nerve crush model in mice and rats (Vogelaar et al. 2004).
Recovery of sensory and some motor function occurred in
approximately 3 weeks; however, with the return of sensory
function, a state of mechanical allodynia (painful experience
generated by non-noxious stimuli) develops and is slow to
retreat. This is a component of neuropathic pain known to exist
in man and studied in laboratory animals, but only relatively
recently considered as a source of chronic pain in horses (Graf

von Schweinitz 1999; Macgregor and Graf von Schweinitz
2006; Jones et al. 2007; Driessen et al. 2010; Muir 2010).
Considering the risks of neuropathic pain from peripheral nerve
injury it is interesting to note the ongoing efforts to treat
idiopathic headshaking in the horse by compression of the
infraorbital nerve, which has a reported initial success rate of
63%, post operative nose rubbing rate of 63%, and symptom
recurrence rate of 26% (Roberts et al. 2013).

Different therapies have evolved to improve recovery
from nerve injury including exercise, and electrical stimulation,
but the functional outcome of nerve repair can still be
disappointing due to muscle atrophy, scar tissue, neuroma,
disturbed sensory evolution, and poor motor control. Average
axonal regeneration rate in mammals is 1–3 mm/day (Gordon
et al. 2009) and the length of nerve damage in the horse
may easily be several centimetres leading to a lengthy
regeneration time with increased risks of unsatisfactory
regeneration.

Electrical stimulation has shown positive results on
peripheral nerve regeneration effects in laboratory animals,
mostly using EA with implanted electrodes with different
electrical parameters: weak constant direct current and
pulsed alternating current (Pomeranz et al. 1984; McDevitt
et al. 1987; Beveridge and Politis 1988; Pomeranz and
Campbell 1993; Chen et al. 2001; Inoue et al. 2003; Mendonça
et al. 2003). One of the emerging links of EA being investigated
is with the modulation of nerve growth factor in nerve repair
(Manni et al. 2011).

In a study of rats with transected median nerves one group
received plain acupuncture for 15 min every 2 days from one
week after injury using points (PC 3 and 7) near the proximal
and distal nerve stumps; another group received EA (1 mA at
2 Hz) to produce a visual muscle contraction; a third group
were untreated controls (Ho et al. 2013). Both treatment
groups had better morphological, electrophysiological and
functional outcomes than the control group.

Not all electrical stimulation forms are helpful. Some
studies of electrical stimulation have also had negative
outcomes illustrating that the intensity and frequency of the
electrical field plays an important role (Aydin et al. 2006). An
investigation of transcutaneous electrical stimulation with low
(4 Hz) and high (100 Hz) frequency transcutaneous electrical
nerve stimulation (TENS) was undertaken as this technique is
frequently employed to control neuropathic pain (Baptista
et al. 2008). Using mice with a sciatic crush lesion treated
30 min daily, TENS 5 days/week for 5 weeks led to a delayed
regeneration with negative morphological changes of nerve
tissue compared to an untreated control group, especially in
the high frequency TENS group. The timing of the application
of EA after nerve injury also appears to be an important factor
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(Yeh et al. 2010). In rats subjected to sciatic nerve section,
those treated 8 days or 15 days later with low frequency (2 Hz
at 1 mA) EA for 15 min every other day for 2 weeks had
significantly improved nerve regeneration, which was not the
case in the group treated from the first day.

Similarly, exercise has been shown to be a positive or
negative factor in nerve regeneration investigations
dependent on the exercise intensity and stress caused to the
animal (van Meeteren et al. 1998). Recently, low energy
extracorporeal shock wave treatment has been shown to
accelerate the recovery of muscle sensitivity and function by
promoting regeneration after nerve compression injury in rats
(Hausner et al. 2012; Mense and Hoheisel 2013). This still
requires work to determine the appropriate dose and
frequency of treatment before it can be confidently used in
the horse.

In the case report from de Fourmestraux et al. (2013), care
was taken to select appropriate points and electrical
stimulation properties based on the research, and to include
an exercise tailored to the condition to optimise the chances
for recovery. The significance being that it is possible to treat
inappropriately, cause additional harm, and bring about a
negative outcome from the use of EA. Similar case reports are
lacking in the literature and hopefully this report will encourage
similar ones.

A case report of acupuncture in a dog with idiopathic
facial nerve paralysis makes an interesting comparison (Jeong
et al. 2001). A terrier with a 35 day acute onset of unilateral
facial nerve paralysis and no improvement on daily
prednisolone at 1 mg/kg bwt was treated with dry needle
acupuncture. Points on the face (LI 20, ST 2, ST 7, SI 18, TH 17
and GB 3) were needled only on the contralateral side, and a
distal forelimb and a hindlimb point was treated bilaterally (LI 4
and GB 34 respectively) for 20 min every other day for the first
week, then weekly for the next 3 weeks. Lip drooping and
drooling were abolished after the first treatment, with progress
to complete facial symmetry achieved by the last treatment.
In this case there was no local stimulation on the affected side
indicating central neural reflexes and mechanisms were
responsible for the improvements. Studies of neuropathic
mechanisms from nerve injury demonstrate a unilateral injury
often progresses to bilateral neuropathic changes (Behera
et al. 2013); interestingly, acupuncture treatment on the
contralateral side has been shown to treat the opposite side
(Kim et al. 2010).

The use of EA in nerve regeneration in man has been
reported, e.g. in carpal tunnel syndrome with severe axon
degeneration and release surgery (Gordon et al. 2008). Trains
of 20 Hz electrical stimulation for one hour to 2 weeks
accelerated axon outgrowth across the suture site in
association with elevated neuronal neurotrophic factor and
receptors and promoted the full reinnervation of thenar
muscles in contrast to a nonsignificant increase in motor unit
numbers in the control group.

Some critics may take issue with this example as not
representing acupuncture because of a lack of adherence to
the traditional Chinese medicine language of yin and yang,
and the flow of Qi, and one may then consider this an
example of western medical acupuncture. Acupuncture has
historically evolved and traditional Chinese medicine is
arguably grossly misrepresented by translation errors of the
ancient Chinese texts and the politics of the practice from lay
practitioners (Birch and Felt 1999; Kendall 2002; Unschuld 2003;

Schnorrenberger 2011). The advances in neuroscience have
brought an increasing amount of evidence for the usefulness
and relatively low risks in a competent application of
acupuncture including the more modern forms of EA and laser
acupuncture. More evidence in the form of controlled trials
and clinical trials are required, but this can equally be applied
to most of veterinary medicine.
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Case Report

Treatment of a femoral fracture with a titanium locking
compression plate distal femur (LCP-DF) in a young donkey
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Summary
A closed complete mid-diaphyseal spiral fracture of the left
femur in a one-year-old donkey was treated with a 4.5 mm
titanium locking compression plate distal femur (LCP-DF)1. This
plate was originally manufactured for human orthopaedics,
primarily for femoral osteosynthesis. The LCP-DF1 has a distal
head plate that was advantageous in this case because
the distal fragment was smaller. Post operative radiographs
showed optimal femoral reconstruction and a callus was
present 3 weeks after surgery. The donkey was sound at the
walk and trot 2 months after surgery. Radiographs taken 5
months after surgery showed stable implants and complete
healing without complications.

Introduction
Femoral fractures in equids usually result from severe
traumatic events such as a fall or a kick and are most
common in foals and weanlings (Hance and Bramlage 1996;
Richardson 2012). There have been several reports of
successful treatment of femoral fracture in foals but the
complication rate is high. In one study, 16 foals less than one
year of age with diaphyseal femoral fracture were treated
surgically; 4 had implant failure, 6 developed infections and 8
of the fractures healed (Hance et al. 1992). In adult horses,
femoral fracture repair is rarely achieved because of the
large body mass of the patient and a predisposition to
severely comminuted fracture configurations (Hance and
Bramlage 1996). Although conservative treatment is possible,
it is not the technique of choice and is often associated
with varus deformation of the contralateral limb (Richardson
2012). Diaphyseal femoral fracture repair in foals may be
achieved by means of double-plating (Hance and Bramlage
1996; Richardson 2012) but the use of an interlocking
intramedullary nail (Radcliffe et al. 2001) or compression
plating and cable cerclage (Frankeny et al. 1998) can also
be successful. The locking compression plate (LCP) system
is an established technique of internal fixation of long
bone fractures in horses, especially in cases that require
increased stability of the fixation (Levine and Richardson
2007; Jackson et al. 2011). The locking compression plate
distal femur (LCP-DF)1 has a head with threaded holes
and a shaft with combi-holes, which also accept cortical
screws.

This case report describes a one-year-old donkey with a
closed mid-diaphyseal femoral fracture repaired with a
titanium plate (LCP-DF)1, normally used in human
osteosynthesis.

Case details

Case history
A one-year-old jack donkey was referred to the Equine
Hospital of the University of Zurich with a tentative diagnosis of
closed fracture of the left femur for consideration of possible
surgical treatment. The donkey was thought to have been
kicked by another donkey. It had been sedated by the
referring veterinarian with detomidine (Domosedan; 15 mg/kg
bwt i.v. and 30 mg/kg bwt i.m.)2 and transported to the hospital
in a trailer in sternal recumbency.

Clinical and radiographic findings
The donkey weighed 77 kg and was in good body condition.
The general condition and demeanour were mildly impaired.
There was no weightbearing on the left hindlimb. Manipulation
of the proximal portion of the left hindlimb elicited pain. There
was moderate swelling proximal to the left stifle and rotational
instability but no crepitation. The overlying skin was intact and
there was no external bleeding. Results of a haematological
examination were normal. Mediolateral (Fig 1) and
craniocaudal (not shown) radiographic views showed a
closed complete spiral mid-diaphyseal left femoral fracture
with well defined fracture edges. The distal fragment was
smaller than the proximal fragment because of the spiral
nature of the fracture. There was marked cranial and mild
medial dislocation of the distal femoral fragment and severe
reduction of the distance between the hip joint and stifle
because of overlap of the bone fragments. There were also
several pinpoint mineral opacities in the fracture gap and soft
tissue swelling.

Surgical details
The donkey was premedicated with cefequinom (Cobactan;
1 mg/kg bwt i.v.)3 and phenylbutazone (Phenylarthrite;
2.2 mg/kg bwt i.v.)4 and sedated with medetomidine
(Dorbene; 0.007 mg/kg bwt i.v.)5. Anaesthesia was induced
with ketamine (Narketan 10; 2.2 mg/kg bwt i.v.)6 combined
with diazepam (Valium; 0.02 mg/kg bwt i.v.)7 and the donkey
positioned in right lateral recumbency. General anaesthesia
was maintained with isoflurane8 in oxygen and air by a large
animal circle system9, combined with a medetomidine
constant rate infusion (0.0035 mg/kg bwt/h). The left hindlimb
was prepared for aseptic surgery. A 25 cm skin incision was
made from the trochanter major to the patella. Access to the
femur was achieved through a cut in the aponeurosis of the
musculus tensor fasciae latae and further blunt dissection
between the vastus lateralis muscle and biceps muscle of the
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thigh. The fracture haematoma (Fig 2) was removed. The
bone fragments were reduced by applying traction to the limb
and using bone reduction forceps and a lag screw was
inserted from caudolateral to craniomedial across the oblique
fracture to achieve temporary fracture alignment. A 5 hole left
titanium locking compression distal femur plate (LCP-DF)1

(Fig 3) was then applied to the craniolateral aspect of the
femur. The plate was fixed with 4 locking screws (LS) and one
cortical screw in the 5 proximal shaft holes. Six locking screws
were inserted distally in the head of the LCP-DF1 (Fig 4). All
screws were made of stainless steel and the holes drilled

according to standard LCP technique (Wagner and Frigg
2006). After fixation of the implant, the surgical field was rinsed
liberally using phosphate buffered saline solution. The muscles
and fascia were adapted and sutured and the skin closed
using staples. A stent was placed over the wound for
protection. Radiographic views taken at the end of the surgery
showed good anatomical reduction of the fracture with
radiolucent fracture lines still visible (Fig 5). Recovery from
anaesthesia was assisted and the donkey rose to its feet
without problems.

Post surgical management and outcome
The donkey was returned to its stall and was able to rise without
assistance. It was weightbearing in the left hindlimb soon after
recovery. Treatment with cefequinom (Cobactan; 1 mg/kg
bwt b.i.d. i.v.)3 and phenylbutazone (Phenylarthrite; 2.2 mg/kg
bwt t.i.d. i.v. phenylbutazone)4 was continued for 5 days. Soft
tissue swelling had resolved by 2 weeks after surgery and the
stent and staples were removed. Radiographs taken 20 days
after surgery showed very good axial alignment of the femur
(Figs 6a and b) and correct positioning of all the implants. The
original fracture lines were less distinct and slightly further apart
than immediately after surgery. Faint periosteal new bone
formation was seen proximal to the plate on the mediolateral
view. Furthermore, lamellar and solid periosteal new bone
deposition consistent with callus formation was visible in the
medial mid-diaphysis region at the level of the 3rd and 4th

Fig 1: Preoperative mediolateral radiographic view of the left femur
of a one-year-old donkey in left lateral recumbency. Cranial is on
the left side of the image. A urinary catheter is visible at the top of
the image.

Fig 2: Intraoperative view of the femoral fracture with fracture
haematoma.

Fig 3: Five-hole titanium locking compression plate distal femur
(LCP-DF).

Fig 4: Intraoperative view after placement of a DCP-DF to fix a spiral
femoral fracture in a one-year-old donkey.
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screws (from proximal). The donkey was sound and was
discharged 21 days post operatively. Five months after surgery
the donkey was re-evaluated. It had been pastured in the
Alps, was sound at the walk and trot and in good body
condition. Radiographic views of the left femur taken with a
portable x-ray machine confirmed complete healing of the
fracture. The radiolucent fracture lines seen on radiographs 20
days after surgery were no longer visible (Fig 7).

Discussion
An excellent outcome was achieved with a single distal
femoral locking compression plate (LCP-DF)1 in a one-year-old
donkey with closed complete mid-diaphyseal spiral femoral
fracture. The main complication of femoral osteosynthesis is
seroma formation (Hance and Bramlage 1996; Bramlage and
Fackelmann 2000; Richardson 2012), which can result from the
fracture itself or from post fracture soft tissue trauma (Hance
and Bramlage 1996). Post operative infection and implant
failure are often related to seroma formation (Hance et al.
1992). Factors that led to a favourable outcome without
complications in our patient were the calm temperament and
low bodyweight (77 kg). It is well known that femoral fracture
osteosynthesis in foals, ponies and small donkeys has a much
better prognosis than in heavier equine patients (Frankeny
et al. 1998; Bramlage and Fackelmann 2000; Radcliffe et al.
2001; Byron et al. 2002). For this reason, surgical treatment of
femoral fractures is rarely attempted in the latter and affected
horses are often subjected to euthanasia (Hance et al. 1992).

A lower bodyweight is not the only reason why foals and other
young horses with femoral fracture are better surgical
candidates (Hance et al. 1992; Bramlage and Fackelmann
2000; Radcliffe et al. 2001); young horses with femoral fracture
typically have a large spiral component caused by torsional
force (Hance et al. 1992; Frankeny et al. 1998; Bramlage and
Fackelmann 2000), which makes the fracture easier to stabilise
than a comminuted fracture, which typically occurs in adult
horses. Young and growing animals also have a higher rate of
bone repair and form a stronger callus than older patients
(Mehta 2010).

Double-plating with one plate positioned cranially and the
other laterally on the femur is an established surgical treatment
for femoral fracture (Radcliffe et al. 2001). The double-plating
construct neutralises bending (Hance et al. 1992; Bramlage
and Fackelmann 2000) as well as rotational forces. Compared
with other methods, this construct provides greater strength
and stiffness (Radcliffe et al. 2001). Because of the fracture
configuration with a long spiral component through the
middle of the bone, double-plating was not feasible in our
patient, mainly because the screws of the lateral plate would
have been positioned parallel to the plane of the fracture. For
this reason, it was necessary to achieve stabilisation with a
single plate placed craniolaterally on the femur. Alternatively,
a plate combined with cerclage wire (Frankeny et al. 1998),
intramedullary interlocking nail (IIN) fixation or IIN fixation
combined with a dynamic compression plate (Radcliffe et al.
2001) could have been used in our patient. However, because

Fig 5: Post operative mediolateral radiographic view of the left
femur of a one-year-old donkey in left lateral recumbency. Cranial
is on the left side of the left of the image. The LCP-DF has been
placed craniolaterally on the femur and good fracture reduction is
apparent. A urinary catheter is visible at the top of the image.

Fig 6: a) Craniocaudal radiographic view of the left femur of a
one-year-old donkey in left lateral recumbency 3 weeks after
osteosynthesis with an LCP-DF. There is a smooth and solid
periosteal callus (arrow) on the medial aspect of the femur at
mid-diaphysis. b) Mediolateral radiographic view of the left femur
of a one-year-old donkey in left lateral recumbency 3 weeks after
osteosynthesis with an LCP-DF. There is periosteal new bone
proliferation proximal to the plate (arrow).
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the distal fragment was relatively short and the LCP-DF1

allowed fixation with several screws distally, we considered
osteosynthesis with this plate more adequate. It provided a
more stable fixation compared with a conventional LCP that
would allow only one or 2 screws in the distal fragment
(Kirker-Head and Fackelmann 1989) and the combination of
the titanium plate and stainless steel screws was not
associated with implant instability attributable to galvanic
corrosion (Disegi 2009). The strength of LCP-DF1 was previously
demonstrated in a biomechanical study that showed that its
axial stiffness was greater than that of a dynamic condylar
screw (DCS) plate (Kim et al. 2011). The main advantage of the
LCP-DF1 is that short terminal fragments are more easily
fixed because up to 7 screws can be inserted, similar to the
stainless steel cobra head plate (Kirker-Head and Fackelmann
1989). The LCP-DF1 was originally designed for distal shaft,
supracondylar, intra-articular and periprosthetic fractures in
man. The LCP-DF1 is available in a right and left version to
adapt to the lateral condyles of the human femur. To our
knowledge, this is the first time that this plate has been used in
equine surgery and it was shown to be very beneficial.

A recent in vitro study compared the use of titanium and
stainless steel in fracture fixation (Hayes and Richards 2010).
Titanium is used in plates because it provides stiffness,
biocompatibility, ductility and strength, prerequisites for
appropriate fracture fixation. The LCP-DF1 is made of various
titanium alloys which have higher tensile strength capability
and lower ductility than pure titanium (Disegi 2012). The

material most often used for internal fixation in equine
osteosynthesis is stainless steel. Stainless steel is also a very stiff
and strong metal with high yield strength and can therefore
undergo more countering and bending cycles before failure
occurs compared with titanium. The titanium LCP-DF1 is
anatomically precontoured and therefore is not meant to
undergo bending by the surgeon before placement. However,
this plate has been developed for human orthopaedic surgery
and some degree of bending may be unavoidable if it is used
in other species. Titanium alloy is more flexible and has higher
fatigue resistance than stainless steel and therefore is capable
of adapting to deformations of the bone more closely.
Another difference between these 2 metals relates to their
interaction with bone. There is always a gap between bone
and stainless steel filled with fibroid tissue, but not between
bone and titanium, and therefore titanium alloy should, at
least theoretically, better integrate with bone than stainless
steel. The surface of a titanium alloy plate is rougher then that
of a stainless steel plate because stainless steel is
electropolished. These characteristics of titanium enhance
osseointegration providing superior implant stability.
Interestingly, however, clinical evaluations of human surgical
patients failed to show distinct differences in healing between
stainless steel and titanium implants (Hayes and Richards
2010). The use of titanium alloy implants is not commonplace in
equine osteosynthesis, but because implants in this species
may be subjected to very large cyclic loads, titanium may
nevertheless hold promise for this indication. Because the
fracture healed without complications and the plate
appeared well integrated in the bone, implant removal was
deemed unnecessary in our patient.

Conclusion
A titanium LCP-DF1 was used successfully for the surgical repair
of a mid-diaphyseal femoral fracture in a young donkey. We
feel that this plate provides a promising option for femur repair
in small equids and possibly for other selected fractures in adult
horses. The plate head with 7 threaded holes makes it useful
for fractures with small terminal fragments or fracture
configurations that are not amenable to fixation with 2 LCPs.
Furthermore, titanium alloys have several properties that
support fracture healing and possibly reduce the risk of
infection.
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Fig 7: Mediolateral radiographic view of the left femur of the patient
in left lateral recumbency 5 months after osteosynthesis with an
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Clinical Commentary

Diaphyseal femoral fractures in young horses
A. R. S. Barr
School of Clinical Veterinary Science, University of Bristol, UK.
Corresponding author email: alistair.barr@bristol.ac.uk

The case report by Bumbacher et al. (2014) describes the
management of a closed, complete, spiral, mid-diaphyseal
fracture of the femur in a yearling donkey weighing 77 kg.
Internal fixation was achieved via a lateral surgical approach
using a titanium locking compression plate distal femur
(LCP-DF) applied craniolaterally along with a single lag screw.
The fracture healed satisfactorily and at 5 months post surgery
the donkey was sound at the walk and trot.

Femoral fractures are said to be more common in young
horses (Richardson 2012) although as smaller, younger horses
tend to be the only ones where surgical repair may be
contemplated there is probably significant selection prior to
referral to surgical facilities. The high energy required to
fracture the femur in an adult horse often results in severely
comminuted fractures that are rarely amenable to treatment
and usually warrant humane destruction.

Femoral fracture configurations in horses include:

Occasional stress fractures of the proximal cranial femoral
cortex are also said to occur (Hawkins 2003).

Diaphyseal fractures in young horses are usually a
consequence of a fall or external blow. Clinical signs usually
comprise acute severe lameness, swelling (and sometimes
shortening) of the thigh region, pain on manipulation,
rotational instability and, in some cases, crepitation on
manipulation of the limb (although the latter was not a feature
in the case reported here emphasising that fragment
separation by haemorrhage, inflammatory swelling and
interposing muscle can be sufficient to minimise this sign).
Radiographic examination is best performed under general
anaesthesia or deep sedation that will allow the animal to be
placed in lateral recumbency for mediolateral views and in
dorsal recumbency for craniocaudal views of the entire femur.

to optimally image both proximal and distal femur.
Displacement of proximal or distal physeal fractures may be
minimal and good quality images will be required to diagnose
the injury in such cases.

Diaphyseal femoral fractures are generally spiral or long
oblique in configuration and usually closed because of the
extensive surrounding musculature (Fig 1). There may be
significant overriding of fragments due to muscle contracture.
Spiral fractures may be a consequence of torsional loading
which results in shear stresses distributed over the entire bone.
Bone strength and stiffness in torsion is dependent on
cross-sectional area and the distribution of bone around the
neutral axis which together determine the polar moment of

shape may concentrate stresses at certain points in the bone
(stress risers). Experimentally, the weakening effect of stress
risers is particularly prominent under torsional loading
(Edgerton et al
the absence of bone defects in the caudal cortex following
reduction and fixation is felt to be important to prognosis
clinically (Bramlage and Fackelman 2000).

Other than trochanteric fractures which can often be
managed successfully conservatively, femoral fractures in
horses remain a major management challenge to equine
orthopaedic surgeons. Conservative management is probably
only likely to be successful for trochanteric fractures and stable
minimally displaced distal physeal fractures and should
comprise 3 months box rest in the first instance (Hance and

diaphyseal fracture usually end up with shortening and
rotational deformity of the femur together with marked varus
angular limb deformity of the contralateral limb due to
excessive weightbearing during healing.

Open reduction and internal fixation is thus generally the
only realistic option for management of major complete
femoral diaphyseal fractures if there is to be any hope of a
reasonable functional outcome. The surgical approach, as in
the case reported here, is a lateral one. The incision runs from
slightly caudal to the greater trochanter to the lateral
epicondyle of the femur along the cranial border of the biceps
femoris muscle. The deep fascia is incised in the intermuscular
septum between the superficial gluteal muscle and biceps
femoral muscle proximally and the tensor fasciae latae and
biceps femoris distally. The attachment of the superficial
gluteal to the third trochanter may be incised and reflected
cranially and the insertion of the biceps femoris muscle on the
lateral patellar ligament can be partially incised to provide
increased exposure in more distal fractures. The lateral aspect
of the femur is then exposed by retracting the biceps femoris
muscle caudally and vastus lateralis

Separated fragments should be re-attached to the main
proximal or distal fragments with lag screws trying to avoid the
screw heads being in positions that will compromise
subsequent placement of plates or using 3.5 mm screws and
deeply countersinking the heads to avoid them interfering.
Reduction of the main fracture fragments can prove
challenging particularly when, as is often the case, the
reduced configuration is not inherently stable. Significant
traction may be required on the lower limb and anchoring the
tail and body of the animal to the table in anticipation of this
is worthwhile. Large bone-holding forceps to manipulate and
secure fragments during reduction are helpful and once
reduced one or more lag screws should be placed to secure
alignment during plate application.
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Optimal implant choice has progressed over the last 40
years since the first descriptions of internal fixation of equine
femoral fractures. Denny (1978) reported the attempted
surgical management of 5 cases of femoral diaphyseal
fractures in neonatal foals. Two were treated with stacked
intrameduallary pins, 2 with Venables plates and one with an
ASIF broad dynamic compression plate. In all cases, fixation
failed within 10 days of surgery and the foals had to be
humanely destroyed. Since that time implants used have
included broad dynamic compression plates, cobra head
plates, angle blade plates and dynamic condylar screw
plates. Richardson (2012) recommended double plating using
4.5 mm locking compression plates with 5.5 mm cortex screws
and 5 mm locking head screws. As long a plate as possible is
positioned laterally and then a shorter one placed cranially
with interdigitating screws. An interlocking intramedullary nail
may be an alternative for simple fractures not requiring
additional lag screws. Bramlage and Fackelman (2000) and
Richardson (2012) emphasise the importance of closed
suction drainage to minimise serum accumulation for the first
3–4 days post operatively. Seroma formation can predispose
to wound dehiscence and infection which are common post
operative complications (Richardson 2012). Approximately
50% of foals with diaphyseal fractures, repaired by internal
fixation with double plating, will have satisfactory healing.
Bramlage and Fackelman (2000) state that the majority of
foals with successful outcomes are less than 3 months of age
when presented with their fractures.

In the case reported here a single plate was deployed
craniolaterally because the surgeons were concerned about
the potential for screws to end up parallel to the plane of the

fracture if a double plating technique were deployed. The
expanded distal end of the LCP-DF also allows for up to 7
screws to be placed in the distal fragment which provides
additional stability in the repair of fractures that extend close
to the distal physis. Figure 6 in the paper by Bumbacher et al.
(2014) suggests the fracture in this case healed with limited
radiographically visible bony callus which implies good
fracture stability during healing and is in contrast to the large
calluses previously observed in other cases (Bramlage and
Fackelman 2000; Richardson 2012). Surgical removal of
implants is rarely required unless there are problems with
infection or growth compromise by implants which cross the
distal physis. Bumbacher et al. (2014) discuss the potential
mechanical advantages of titanium alloys and their
enhanced capacity for integration with bone. There is also
some evidence in man that titanium implants may also reduce
the risk of delayed infection compared to stainless steel
implants (Glotzbecker et al. 2013).

Successful surgical treatment of femoral diaphyseal
fractures in young horses probably hinges particularly on
careful case selection in the first place, focusing on the size
and temperament of the patient and configuration of the
fracture together with the availability of the requisite facilities,
equipment and experienced surgical staff. Balancing the
confidence and optimism to attempt the possible with the
need to recognise and heed the warning signs of likely failure
remain crucial as ever to the surgical art. The successful
deployment of new implants such as the titanium locking
compression plate distal femur (LCP-DF) described by
Bumbacher et al. (2014) shows that progress continues to be
made to make such repairs more likely to succeed.
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Fig 1: Oblique diaphyseal femoral fracture in 2-month-old
Thoroughbred cross foal.
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Summary
The surgical success of laparoscopic castration without
orchidectomy results from avascular necrosis of the testes.
However, failures and subsequent production of testosterone
and stallion-like behaviour have been previously identified.
Laparoscopic castration without removal of the testes was
performed in 32 horses with 2 normal descended scrotal
testes between July 2006 and October 2012. The objectives of
our study were to evaluate the success rate of laparoscopic
castration without orchidectomy on descended testes in our
population and assess complications and recovery time.
Endocrine tests were performed after surgery and owners also
asked to report on their horse’s behaviour and ability to
resume exercise. Castration was deemed successful if
endocrine test results were in accordance with gelding
values. Failed horses were castrated using a conventional
technique and histology performed when possible. Basal
testosterone levels decreased below 3 nmol/l after surgery
in 30/32 cases. However, in 2 horses, stallion behaviour
persisted and histological evaluation after inguinal castration
showed residual viable tissue. Two horses maintained high
testosterone levels after surgery associated with stallion-like
behaviour. Based on these results, 12.5% of horses (4/32
horses) failed to be considered a gelding based on either
endocrine tests and/or histology. All horses, with one
exception, were able to resume exercise less than a
week after the procedure. Laparoscopic castration without
orchidectomy appears to be a safe procedure. When
assessing the success of laparoscopic castration, our total
failure rate was 12.5% (4/32 horses) which is significantly
higher than previously reported.

Introduction
Laparoscopic castration in standing horses eliminates the
requirement for general anaesthesia and its associated risks.
This technique also allows visual confirmation that adequate
haemostasis of the mesorchium occurs and may offer the
advantage of a more rapid return to function (Hendrickson
and Wilson 1997; Hanrath and Rodgerson 2002; Hendrickson
2006). Laparoscopic cryptorchidectomy using electrosurgical
coagulation and transection is a safe, technically easy
and efficient approach for ensuring haemostasis of the
mesorchium in horses (Fischer and Vachon 1998; Hanrath and
Rodgerson 2002). Laparoscopic intra-abdominal ligation/
transection of the spermatic cord without orchidectomy has
been previously described as one method to castrate horses
(Rijkenhuizen and Grinwis 1999). Earlier studies performed in
donkeys, ponies and horses with normally descended testes

have shown that intra-abdominal ligation of the spermatic
cord resulted in avascular necrosis of the testes and a
decrease in basal testosterone (Wilson et al. 1996; Rijkenhuizen
and Grinwis 1999; Walmsley 1999; Pepe et al. 2005). One
reported case of revascularisation of a testis left in the inguinal
canal following transection of the mesorchium and ductus
deferens suggested that more research was necessary
(Bergeron et al. 1998). Surgical success results from avascular
necrosis of the testes. However, surgical failures and the
subsequent production of testosterone and stallion-like
behaviour have been identified (Rijkenhuizen and Grinwis
1999). Recently, a study reported that even with adequate
technique, procedural failure occurred in 7% of horses
with descended testes. Initial failures were attributed to
insufficient ligation of the spermatic cord, but a small
number of operations also failed despite complete
transection of the entire spermatic cord (Voermans et al.
2006). Revascularisation of the testes castrated using
laparoscopy was attributed to a tributary from the external
pudendal artery. Therefore, laparoscopic castration without
orchidectomy was not recommended as a reliable method for
castration in normal stallions (Voermans et al. 2006).
Laparoscopic castration leaving the testicles in situ is a less
invasive alternative to more conventional castration
techniques, but may result in residual active testicular tissue
and persistent stallion behaviour. Endocrine tests such as
testosterone basal concentration and the human chorionic
gonadotropin (hCG) response test can be used to identify
horses that have been castrated but potentially have viable
testicular tissue remaining. Testosterone concentration has
been utilised as a reliable method of identifying viable
testicular tissue in horses (Wilson et al. 1996; Bergeron et al.
1998). Total testosterone concentration in serum can be
measured quantitatively with a modified testosterone
radioimmunoassay (Spectria)1 and has been shown to
deliver clinically useful information in man (Norjavaara and
Ankarberg-Lindgren 2011). If the baseline testosterone
concentration is higher than expected in a gelding, it is
thought to be an indicator of the presence of viable testicular
tissue (Bergeron et al. 1998). Intravenous injection of
8000–12,000 iu of hCG to horses possessing testicular tissue
stimulate a rise in testosterone concentration. There should be
no increase above basal testosterone concentrations in horses
with no viable testicular tissue (Cox et al. 1973; Searle et al.
1999). Our study objectives were to evaluate the success rate
of laparoscopic castration without orchidectomy through
endocrine tests and behaviour evaluation on our population
of horses. Complications and recovery time were also
evaluated.
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Materials and methods

Inclusion criteria
The study examined data pertaining to male horses castrated
laparoscopically without orchidectomy between July 2006
and October 2012 and for which endocrine test results after
surgery and subsequent behavioural information were
available. Cryptorchid horses (either abdominal or inguinal
testes) were excluded from the study.

Surgical procedure
Before surgery, horses were placed on a low residue diet for
48 h prior to surgery. An i.v. catheter was placed in the right
jugular vein and horses administered flunixin meglumine,
1.1 mg/kg bwt i.v. (Méflosyl)2 and ceftiofur, 2.2 mg/kg bwt i.v.
(Excenel)2. Horses were sedated with a loading dose of
detomidine, 10 μg/kg bwt (Detogesic)2 and butorphanol
tartrate, 20 μg/kg bwt (Torbugesic)2 and restrained in standing
stocks. The left and right flanks were clipped and aseptically
prepared for laparoscopic surgery. Subsequent sedation was
maintained with a continuous rate infusion of detomidine,
20 μg/kg bwt/h (Detogesic)2 adjusted to maintain the level of
sedation needed.

Surgery was consistently initiated on the left side. Three
portal sites in the paralumbar fossae were locally desensitised
subcutaneously and i.m. using 2% lidocaine (Xylovet)3 and the
paralumbar fossa was draped. A 15 mm incision was made at
the dorsal border of the internal abdominal oblique muscle
equidistant from the tuber coxae and last rib. A 10 mm
secured pyramidal trocar-cannula unit4 was inserted blindly
through the paralumbar fossa angled towards the opposite
stifle. The trocar was removed and a straight laparoscope5 (0°,
10 mm, 33 cm) inserted into the cannula and angled caudally.
A video camera and light source were attached to the
laparoscope and insufflation tubing then attached to the
laparoscopic cannula. Abdominal insufflation with carbon
dioxide was achieved and the abdomen insufflated until
intra-abdominal pressure was raised 8–10 mmHg. After
identifying the vaginal ring, a second 15 mm incision was
made 5–7 cm dorsal and slightly cranially to the laparoscope
portal to serve as the first instrument portal. Local anaesthetic
solution was administered in the ipsilateral mesorchium with
lidocaine (Xylovet)3. A third 15 mm incision, 5–10 cm ventral to
the first portal, was made to serve as the second instrument
portal. The laparoscope was placed in the upper portal. The
mesorchium and ductus deferens were grasped with Babcock
forceps inserted through the middle portal.

The plica vasculosa including the deferent duct were
ligated intra-abdominally twice with polyglactin 910 USP 2
(Vicryl)6 as close as possible to the vaginal ring by a double
Roeder knot and completely transected between the
ligatures (Horses Nos. 1–5) or were sealed and transected with
bipolar electrosurgical forceps (Ligasure)7 (Horses Nos. 6–32)
just proximal to the vaginal ring (Fig 1). At the end of the
procedure, the distal part of the spermatic stump was
retracted completely in the inguinal canal and the transected
mesorchium inspected for haemorrhage (Fig 2). The testis was
left in place to undergo avascular necrosis. The laparoscope
and instruments were removed and cutaneous incisions
closed with stainless steel staples. The same procedure was
performed on the right side. Post operatively, horses received
a single dose of flunixine meglumine, 1.1 mg/kg bwt i.v.
(Méflosyl)2 the morning after surgery then phenylbutazone was

given, 2.2 mg/kg bwt orally b.i.d. for 3 days and s.i.d. for the
following 3 days, (Equipalazone)8. Ceftiofur, 2.2 mg/kg bwt
s.i.d. (Excenel)2 was given for 2 days following surgery. Staples
were removed after 10–14 days.

Owners were advised that testes, deprived of their blood
supply, would swell during the first week and then begin to
decrease in size. The atrophied testes could be palpated in the
scrotum for several weeks, but by 5 months post operatively
the remnants should no longer be palpable. Owners were also
informed that previous data indicated a 7% failure rate in the
operation and, if this occurred, testes would be removed with
a conventional surgical procedure.

Endocrine protocol
Endocrine tests were performed a minimum of 3 weeks after
the procedure to evaluate the success of castration. Serum
samples were first extracted with organic solvent (ethyl
acetate/cyclohexane, 1/1) and total basal testosterone
concentration measured by a modified radioimmunoassay

Fig 1: Laparoscopic view of the right internal inguinal ring in a
standing horse with ligation using the Ligasure device7 to seal and
transect the mesorchium and ductus deferens just above the
vaginal ring.

Fig 2: View of the right internal inguinal ring in a standing horse after
complete mesorchium and ductus deferens transection.
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based on the competitive radioimmunoassay principle
(Spectria Testosterone Radioimmunoassay Kit)1. The analytical
detection limit is better than 0.1 nmol/l and the functional
detection limit is approximately 0.3 nmol/l with a 10%
coefficient of variation. If the test was performed less than 4
weeks after castration, basal testosterone concentration only
was measured. If endocrine tests were performed more than 4
weeks after surgery, a hCG stimulation test was performed by
injecting 30 iu/kg bwt i.v. of hCG (Chorulon)9 with a maximum
of 15,000 iu/horse. According to our laboratory (LDHVet)
representative reference limits, horses were classified as
‘gelding-like’ if the basal testosterone concentration was less
than 3 nmol/l and/or when there was no rise in testosterone
concentration after the stimulation test. Owners were
contacted by telephone at least 3 weeks after surgery to
determine the horse’s behaviour and ability to resume exercise
following the procedure. Horses with persistent stallion
behaviour (vocalising, excitement, attempts to mount other
horses, etc), failure to decrease their testosterone levels below
3 nmol/l and/or with a positive hCG stimulation test several
weeks after surgery were readmitted for castration using an
inguinal closed castration. Histopathology was performed on
the excised testes when possible. Testes were fixed in a 10%
neutral buffered formalin solution for 48 h and tissue sections
stained with haematoxylin-eosin saffron and examined
microscopically.

Results
The study included 32 mature horses aged 2–10 years (mean 6
years). All testes were descended in the scrotum and deemed
normal in size, shape and position. The population included 28
Selle Français stallions, one KWPN, one Oldenburg, one Barbe,
one Holsteiner and one stallion of unknown origin. All horses
were in training at the time of surgery. Physical examination,
haematology and biochemistry results showed no
abnormalities prior to surgery.

Outcome
Basal testosterone levels were measured in 17/32 horses,
between 3 and 4 weeks after castration. In the remaining
horses (15/32), tests measuring testosterone levels before and
after hCG stimulation were performed. Detailed results of the
endocrine tests are available in Table 1. Basal testosterone
levels were below 3 nmol/l after surgery in 30/32 cases. In 2/32
horses (6,25%), high testosterone levels (>3 nmol/l) were
measured. Horse No. 8 had high testosterone levels and
persistent stallion behaviour. Horse No. 18 had 2 separate
testosterone level assays. The first assay was performed
between 3 and 4 weeks after surgery and showed a low
testosterone level (2.3 nmol/l) according to our laboratory
reference limits. However, the horse continued to display
stallion behaviour, and another assay was performed 6 months
later, which showed a high testosterone level (6 nmol/l). Those
2 horses were considered to have had ‘failed’ castrations. In
horses that showed a decreased basal testosterone level
(<3 nmol/l), stallion-like behaviour was still present in 2 horses.
Horse No. 6 had a basal testosterone measurement of
2 nmol/l, stallion behaviour was persistent and the owners
opted to have an inguinal closed castration performed. Horse
No. 7 had 2 basal testosterone assays showing low values:
0 nmol/l between 3 and 4 weeks after surgery and 0.6 nmol/l
8 months after surgery. An hCG stimulation test was also done

one year after laparoscopic castration and was positive. In this
horse, persistent stallion behaviour also motivated the owners
to request a closed inguinal castration.

Those 4 horses were subsequently castrated with a
standard castration technique and histopathological
examination of the testicles was performed on only 3 horses
(Nos. 6, 7 and 8). On gross examination, all epididymes
appeared normal and all testes were markedly reduced in
size, resulting in relative prominence of the epididymes. On
cross-section, testes were dull and yellowish green. As
observed in a previous study, testes were largely necrotic and
normal testicular parenchyma was present in the most caudal
part of the testis, adjacent to the proper ligament (Fig 3). In
those 4 horses, testes partially viable were larger and easy to
palpate and partially visible in the scrotum. The castration
eliminated the stallion-like behaviour in all of the 4 horses.

No intra-operative complications occurred. Short-term
complication occurred in one horse that presented a
significant important scrotal oedema associated with lameness
until 2 weeks after surgery, which resolved with medical
treatment consisting of frequent lungeing, nonsteroidal
anti-inflammatory drugs and diuretic administration. All horses,
with the exception of this one, were able to go back to work less
than a week after the procedure.

Histological evaluation
Histological results were available for 3/4 horses (6 testes). In 2
horses (Nos. 6 and 8), one testis was completely necrotic and
one testis was only partially necrotic with persistence of viable
testicular tissue. In the third horse (No. 7), both testes were
partially necrotic. In all cases, the epididymis was spared.
Testicular degeneration and necrosis were characterised
by the presence of ischaemic necrosis of seminiferous
tubules, infiltration by pigmented macrophages, peripheral
proliferative fibrosis and calcification (Figs 4a and b). Viable
tissue was assessed by the presence of preserved tubules
associated with the germinal cells (Figs 5a and b).

Discussion
Compared to conventional castration methods, the
laparoscopic castration technique shows minimal intra- and
post operative complications (Fischer and Vachon 1992, 1998;
Davis 1997; Walmsley 1999; Pepe et al. 2005). The technique of
leaving the testis in situ to undergo avascular necrosis
decreases the potential for excess oedema, haemorrhage,
infection, lameness and evisceration, when compared with
other methods (Moll et al. 1995; Wilson et al. 1996; Bergeron
et al. 1998). Swelling and signs of pain observed after
laparoscopic surgery are less severe than those seen after
routine castration and are an expected response to the
necrotic testicular tissue (Wilson et al. 1996). Therefore, this
technique can be used on horses that need to be stall-rested
for various conditions including severe orthopaedic lesions and
horses not able to cope with general anaesthesia and/or
recovery. No life-threatening complications have been
described with this minimally invasive technique. The
convalescence time is also considerably reduced compared
with other conventional techniques (Rijkenhuizen and Grinwis
1999; Walmsley 1999; Pepe et al. 2005; Voermans et al. 2006). In
our population, all horses but one castrated in this fashion were
able to go back to work in less than a week, which is an
economical consideration for horses in training. It is important
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to note that all horses castrated in this fashion are not
fertile since the ductus deferens is ligated or transected.
Disadvantages of this procedure include the cost, requirement
of considerable staff and equipment, surgical expertise and
need for endocrine tests to assess the success or failure of this
technique.

In our study, the majority of horses had decreased
testosterone levels after surgery. However, 2 horses maintained
high basal testosterone levels, indicating a failure to effectively
induce sufficient necrosis of the testicles. This was confirmed
by the presence of residual viable testicular tissue in
histopathological examination. Additionally, these 2 horses
displayed stallion-like behaviour. In these horses, failure to
decrease testosterone levels and persistent male behaviour
could be explained by the presence of viable testicular tissue.
Most testes that were submitted to histological evaluation
showed only partial necrosis and normal testicular

parenchyma was present. Epididymis were preserved as
described previously by Voermans et al. (2006). However, it is
well recognised that androgens are not produced by the
epididymis and therefore epididymal tissue cannot influence
masculine behaviour (Cox et al. 1973; Searle et al. 1999).
Presence of residual viable testicular tissue might be due to an
incomplete transection of the mesorchium or to an alternate
blood supply to the testis by vessels derived from the external
pudendal artery, as described by Voermans et al. (2006). It
was shown in this study that even if blood flow through one of
the major arteries is interrupted, anastomosing vessels may
provide sufficient perfusion to maintain viable testicular tissue.
Arteries originating from the external pudendal artery may
reach the testis through the proper ligament of the testis and
prevent complete necrosis. In our study, this finding is
supported by the fact that most residual viable testicular tissue
was found in the caudal part of affected testes, in close

TABLE 1: Detailed results of endocrine tests, laboratory conclusions and horse’s behaviour several weeks after the surgical procedure

No.

Time (laparoscopy -
endocrine tests)

Time (laparoscopy -
closed castration Breed/Age BT hCG stimulation test

Stallion behaviour
after surgery

Inguinal closed castration
Histology conclusion

1 <4 weeks FSH, 9 Yo 0 No No
2 <4 weeks FSH, 5 Yo 0 No No
3 <4 weeks FSH, 7 Yo 1 No No
4 <4 weeks Unknown, 6 Yo 0 No No
5 <4 weeks Oldenburger, 8 Yo 0.1 No No
6 <4 weeks KWPN, 5 Yo 2 Yes Yes

1 year and 5 months Residual viable tissue
7 <4 weeks FSH, 5 Yo #0 Yes

8 months 0.6 Yes
11 months 0.6 + Yes Yes
1 year Residual viable tissue

8 >4 weeks FSH, 5 Yo 5 + Yes Yes
7 months Residual viable tissue

9 >4weeks FSH, 8 Yo #0 − No No
10 >4 weeks FSH, 8 Yo #0 − No No
11 <4 weeks FSH, 8 Yo #0 No No
12 >4 weeks FSH, 5 Yo 0.1 − No No
13 >4weeks FSH, 3 Yo #0 − No No
14 >4 weeks FSH, 3 Yo 0.3 − No No
15 <4 weeks FSH, 9 Yo 0.3 No No
16 >4weeks FSH, 3 Yo 0.2 − No No
17 >4 weeks FSH, 8 Yo 0 − No No
18 <4 weeks FSH, 6 Yo 2.3 Yes

7 months 6 Yes Yes
1 year

19 >4 weeks FSH, 4 Yo 0.1 − No No
20 >4weeks FSH, 2 Yo 0.1 − No No
21 <4 weeks FSH, 10 Yo 2 No No
22 >4 weeks Barbe, 10 Yo 1 − No No
23 <4 weeks FSH, 6 Yo 0.1 No No
24 >4 weeks FSH, 4 Yo #0 − No No
25 >4 weeks FSH, 4 Yo #0 − No No
26 >4 weeks FSH, 4 Yo #0 − No No
27 <4 weeks FSH, 6 Yo 0.4 No No
28 <4 weeks FSH, 6 Yo #0 No No
29 <4 weeks FSH, 6 Yo #0 No No
30 <4 weeks FSH, 6 Yo #0 No No
31 <4 weeks FSH, 6 Yo #0 No No
32 <4 weeks Holsteiner, 6 Yo #0 No No

FSH: French Saddle Horse, BT: testosterone basal blood concentration (nmol/l), hCG stimulation test: human chorionic gonadotropin
(hCG) (Chorulon)9 stimulation test, #0: close to zero.
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proximity to the proper ligament of the testis. A laparoscopic
castration failure rate of 7% was attributed to this phenomenon
(Voermans et al. 2006).

Interestingly, in our study, 2 horses had a low basal
testosterone level according to LDHvet laboratory reference
limits but continued to display stallion behaviour several weeks
to months after surgery. This behaviour resulted in the owners
opting for a standard castration to be performed. In these 2
horses, histopathology also showed the presence of residual
viable testicular tissue. We hypothesised that in these 2 cases,
low testosterone levels might be due to a very small amount
of viable testicular tissue. Subjectively, on histological
examination, we found that a horse with a high testosterone
concentration post castration (Horse No. 8) seemed to have a
larger amount of viable tissue compared to horses with a low
level of testosterone (Horse No. 7), in which a very small part of
viable tissue was observed histologically. It is likely that the
amount of residual viable testicular tissue influences the
measured testosterone levels. Unfortunately, we were not able
to effectively calculate the proportion of viable tissue in ‘failed
horses’ testicles.

Those 2 horses were in the upper limit of our cut-off mark. It
is likely that with a lower cut-off value, we would have
considered these horses as ‘failed’ based solely on hormonal
assays. As there is a ‘grey area’ with overlapping values in
basal testosterone levels between geldings and stallions,
erroneous conclusion might be made. We took LDHVet
laboratory’s standards when evaluating results of hormonal
assays to classify horses and it seems our cut-off value is high.
However, it is important to consider the fact that we measured
total testosterone concentration after extraction, which might
be a reason why our basal testosterone levels in geldings are
higher than those previously published. According to
Voermans et al. (2006), cut-off value to confirm a castration is
<0.09 nmol/l and according to Arighi and Bosu (1989),

concentration of ≤0.83 nmol/l is diagnostic of absence of
testicular tissue.

Examining our results and due to the fact that Horse No. 7
with a repeated basal testosterone level of 0.6 nmol presented
viable testicular on histological examination, horses between
0.5 and 3 nmol/l should be stimulated to assess success of
castration. Measurement of serum testosterone alone is not
sufficient to assess the gonadal function and must be backed
up with other clinically relevant data, repeat endocrine test in
the following months, including spring months or hCG
stimulation test. Even if behaviour does not always corroborate
with the presence of viable testicular tissue, it should be
evaluated as this may be a predictor of castration failure.
When assessing success of laparoscopic castration, our total
failure rate was 12.5% (4/32 horses) which is significantly higher
than previously reported. The number of cases included in our
study is smaller than in the results presented by Voermans et al.
(2006) and additional cases are needed to validate our
findings. We conclude that this study confirms that
laparoscopic castration without orchidectomy cannot be
recommended for castration of normal stallions and has to be

Fig 3: Macroscopic aspect of a partially necrotic testis with a
preserved caudal part and a spared epididymis.

a)

b)

Fig 4: a) Diffuse coagulative necrosis of seminiferous tubules (black
arrows) with mineralisation and degenerative interstitial cells (*)
(acute lesion). (Horse No. 6). b) Vestigial seminiferous tubules
(black arrows) surrounded by macrophages (+) in a dense fibrous
tissue (chronic lesion). (Horse No. 7).
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applied only in specific cases and be used only with a clear
understanding by the owners of the failure rate. A larger future
study is required in order to efficiently identify factors
predisposing to surgical failure.
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Clinical Commentary

Laparoscopic castration of the normal horse: Is it indicated?
A. T. Fischer Jr
Chino Valley Equine Hospital, Chino Hills, California, USA.
Corresponding author email: t.fischer@att.net

The article by de Fourmestraux et al. (2014) presents a nicely
constructed clinical study in which the authors evaluated the
technique of laparoscopic sectioning of the mesorchium and
vas deferens in standing horses, leaving the testicle to undergo
ischaemic necrosis in situ. Testosterone levels were then
obtained at least 3 weeks post surgically and correlated with
behavioural outcomes. Four of the 32 horses retained
stallion-like behaviour and were considered failed castrations.
These subsequently underwent open castration. Two of the 4
horses had an elevated testosterone at the first sampling. Of
the remaining 2 horses, one had a testosterone level near the
level considered consistent with being a stallion and the other
a normal resting testosterone level positive on HCG stimulation
testing. This study has confirmed that the blood supply to the
testicle may be preserved via the external pudendal artery
when only the mesorchium is transected, as shown by
Voermans et al. (2006). On reading the study by Voermans et
al. (2006), where there was a 7% failure rate for castration, my
conclusion was that this is not a suitable technique for
castration except in very specific circumstances and the
present study with a 12% failure rate confirms this. As the
authors suggest in the present study, this procedure might be
indicated in horses where general anaesthesia is considered
unsafe, such as horses convalescing from orthopaedic injuries.
Other indications for this procedure are if the horse to be
castrated has an increased risk of a life threatening
complication vs. other horses. The authors suggest that this
procedure has a shorter convalescence time than open
procedures but this has not been my experience as normal
and cryptorchid castrations are returned to full training in the
same amount of time (one week) that the authors suggest.
One of the downsides of leaving the testicles in situ occurs if
the horses are exported to the United States prior to the
testicles fully atrophying. Veterinary inspectors observe testicles
in a supposedly castrated animal and the horse must either
undergo an expensive contagious equine metritis (CEM)

quarantine or undergo surgery for removal of the testicles prior
to being released from quarantine into the US. When this
occurs, the client has definitely not saved money by paying for
2 procedures or having the horse undergo a protracted
quarantine. The horse also undergoes a second surgery with its
associated risks. Whilst articles have previously been written on
ovariectomy without removal of the ovary (Shoemaker et al.
2004) and castration without removal of the testicle, my belief
is that removal of the testicle or ovary is indicated as a good
surgical technique. Allowing tissue to undergo ischaemic
necrosis within the abdomen puts the horse at risk of
adhesions. I would be interested in a study that followed the
levels of inflammatory mediators in horses undergoing
castration with or without removal of the testicle.

While a staunch advocate for developing laparoscopic
procedures for horses, this technique does not address the
anatomic fact that some horses’ testicles have a blood supply
via the external pudendal artery which allows them to
maintain their stallion-like behaviour resulting in a failed
surgery. This anatomic limitation precludes the use of this
procedure except in very specific instances.
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Evaluation of laryngeal function under the influence of various
head and neck positions during exercise in 58 performance horses
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Summary
The objective of this study was to examine laryngeal function
at rest and during ridden exercise and to further analyse the
impact of different head and neck positions on the laryngeal
function in ridden sport horses. Fifty-eight Warmblood horses
were examined endoscopically during ridden exercise as well
as during quiet breathing at rest before and after sedation. Four
different head-neck positions (unrestrained, reference,
elevation and hyperflexion) were assessed during the exercise
test. Laryngeal function was graded at rest and for every
combination of gait and head and neck position during
exercise. There was a significant correlation between the
grade of laryngeal function during exercise and at rest both
before (correlation coefficient = 0.794) and after (correlation
coefficient = 0.741) sedation (P<0.01). No significant
association was found between the grade of laryngeal
function during exercise and the different head and neck
positions.

Introduction
Respiratory dysfunction is a frequent cause of poor
performance in athletic horses. Recurrent laryngeal
neuropathy (RLN) is one of the most common forms of
dynamic upper respiratory tract obstructions in both
performance horses and racehorses (Davidson and Martin
2003; Franklin et al. 2006; Barakzai 2007; Desmaizieres et al.
2009). Laryngeal function at rest usually gives an indication of
laryngeal function during exercise (Hammer et al. 1998; Martin
et al. 2000; Lane et al. 2006a). Barakzai and Dixon (2011) were
able to show a significant correlation between resting
laryngeal function score using the Havemeyer grading system
(Dixon et al. 2003) and exercising grades of laryngeal function
in horses undergoing high-speed treadmill endoscopy.
However, a number of studies have documented that
endoscopy during exercise is required for a definite diagnosis
of dynamic upper respiratory tract obstructions (Kannegieter
and Dore 1995; Martin et al. 2000; Tan et al. 2005; Lane et al.
2006a). High-speed treadmill endoscopy has become the
most accepted method of investigating dynamic obstructions
of the upper respiratory tract, especially in racing horses. In
sport horses, factors other than strenuous workload are more
important for diagnostic purposes. These factors include
different head-neck positions whose influences are easier to
investigate during ridden exercise than on a high-speed
treadmill (Barakzai and Cheetham 2012). It has been

suggested that head-neck flexion affects upper airway flow
mechanics during exercise. In a study by Petsche et al. (1995),
an increased respiratory resistance was found during head
flexion compared to a neutral head position. Several theories
and models trying to explain this phenomenon have been
established. Gerring (1985) proposed that head position may
influence the airflow in the airway, because the airflow no
longer follows a straight line but has to make its way through a
decreasing kink angle (between nasal airway and trachea)
with increasing head flexion. Other authors assume that the
changes in shape and size of the upper airway are dependent
on alteration of the head position (Cook 1965; Petsche et al.
1995). This theory has been supported by studies illustrating
that head-neck flexion causes a reduction in the dorsoventral
diameter of the nasopharynx on lateral radiographs in horses
at rest (Linford et al. 1983; Cehak et al. 2010; Go et al.
unpublished data). Therefore, head-neck flexion is suspected
to induce or deteriorate disorders of the upper respiratory tract
(Allen et al. 2011; van Erck-Westergren 2011).

The purpose of the present study was to investigate the
relationship between laryngeal function at rest and during
exercise in Warmblood sport horses and to examine the
influence of different head-neck positions on laryngeal
function during exercise.

Materials and methods
Fifty-eight German Warmblood horses (39 geldings, 16 mares
and 3 stallions) aged 3–20 years free of cardiovascular or
musculoskeletal disease were included in the study. Thirty-six of
these horses, owned by clients, were presented at the
university for evaluation of an abnormal respiratory noise
and/or poor performance (respiratory noise = 27, poor
performance = 3, both = 6); 9 horses were owned by the
university and 13 horses were owned by the Hanoverian
mounted police unit. The horses’ usual working disciplines
included dressage (n = 16), showjumping (n = 20) and pleasure
riding (n = 22). All horses were subjected to a physical
examination, and an endoscopic examination was performed
at rest and during ridden exercise.

Endoscopic examination at rest
Endoscopic examinations (Olympus Evis Exera II)1 were carried
out at rest before and after sedation. Horses were sedated
with detomidine hydrochloride i.v. (0.115–0.03 mg/kg bwt,
Cepesedan RP)2 and butorphanol tartrate i.v. (0.1 mg/kg bwt,
Alvegesic PH)2. Laryngeal arytenoid cartilage movement was
recorded during respiration at rest, during nasal occlusion and
after swallowing. Arytenoid function before and after sedation1These authors contributed equally to this work.
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was graded independently by 3 observers based on the
internationally used Havemeyer grading system for laryngeal
function, first published by Dixon et al. (2003). For further
analysis, median values of the laryngeal grades assigned by
the 3 observers were used.

Endoscopic examination during exercise
For the endoscopic examination during exercise, the
endoscope was inserted following a warm-up period. After the
horses had become accustomed to the Dynamic Respiratory
Scope3 they were subjected to a standardised exercise test.
Abnormal respiratory sounds occurring during the examination
were documented. The exercise test included performance at
trot and canter in 4 different head-neck positions (reference,
elevation, hyperflexion and unrestrained) as shown in Fig 1.

The reference position was defined as the position in which
the riders presented their horses as they would train them at
home during the warm-up phase. Ideally, a posture with a low
neck and the ridge of the nose slightly in front of the vertical
plane should have been achieved, independent of the
horses’ usual working disciplines. For the head-neck position
elevation, the riders were asked to present their horses with the
poll being the highest point and the ridge of the nose slightly in
front of the vertical plane. In the head-neck position termed
hyperflexion the horses should be adjusted as low and
overbent as they would perform willingly without resistance
against the rider. To achieve the unrestrained head-neck
position the riders were to loosen the reins until there was no
longer a connection between the rider’s hand and the bit. All
horses were examined according to the following scheme: trot
reference, trot elevation, trot hyperflexion, canter reference,
canter elevation, canter hyperflexion and trot unrestrained.
The exercise test took 20–25 min, with each combination of
gait and head-neck position lasting about 3 min. For every
combination of gait and head-neck position, endoscopy and
a lateral video of horse and rider were digitally recorded along
2 long sides of the indoor arena, which was 40 m long. The
timelines of the 2 videos were synchronised and the lateral
video of the horse and rider was used to determine the point
in time from which a combination of gait and head-neck
position started. By means of the lateral video, head-neck

position was checked by one author (L.G.) for correct
execution and was rated correct, if it could be classified into
one of the positions (reference, elevation, hyperflexion and
unrestrained) defined as described above. If the required
head-neck position was not performed in an adequate way or
was inconsistent during the sequence, the data from this horse
for this position were excluded from further analysis.

The endoscopic videos were evaluated in real time and, if
required, in slow motion. Laryngeal function was graded for
every combination of gait and head-neck position into one of
7 categories. For this purpose, the scoring system from
Rakestraw et al. (1991) was modified (Table 1) to allow a more
precise classification.

Data analysis
As the laryngeal function scores at rest and during ridden
exercise cannot be treated as interval scaled and, in addition,
data could not be transformed into normal distribution,
the nonparametric tests of SPSS statistic version 204 were
applied. The endoscopic grades of laryngeal function at
rest were tested for interobserver agreement using Cronbach’s
α as intraclass correlation coefficient. The Spearman-
Rho coefficient was used to check for possible correlation
between the laryngeal function score during exercise and
the score at rest with and without sedation respectively. The
Wilcoxon test for paired samples was used to check for
differences in the distribution of laryngeal function scores
during ridden exercise between the different gaits and
head-neck positions. The Kruskal-Wallis test was used to assess
differences in laryngeal function score during exercise
between the 3 working disciplines (dressage, showjumping
and pleasure riding), and between horses with and without an
abnormal respiratory noise, respectively. Significance was set
at P<0.05.

Horses were divided into 3 groups (A, B, C) depending on
their laryngeal function score in the reference position at trot
to show the distribution of laryngeal function score in the other
gait and head-neck positions for each of these groups.

Results
There was substantial agreement between the endoscopic
scores at rest given by the 3 observers (α = 0.958 before
sedation and α = 0.936 after sedation). Two horses were
examined at rest only without sedation. Fifty-four of the
remaining 56 cases (96.4%) were rated the same (n = 28) or
assigned a lower score (n = 25) without sedation than with
sedation. The median values of the laryngeal function scores
without and with sedation at rest were significantly different
(P<0.05). The distributions of the grades for laryngeal function
at rest before and after sedation as well as during exercise for
all horses are shown in Table 2.

The Spearman-Rho correlation coefficient between
evaluation of laryngeal function without sedation at rest and
evaluation of laryngeal function during exercise was 0.794
(P<0.01); that between rating of laryngeal function with
sedation at rest and rating of laryngeal function during
exercise was 0.741 (P<0.01).

For the total of 58 horses, the distributions of laryngeal
function scores during exercise were not significantly different
between the investigated head-neck positions within the
same gait. However, the distributions of grades between trot
and canter were significantly different (P<0.05), independent
of head-neck positions.

Head-neck positions

Elevation

UnrestrainedHyperflexion

Reference

Fig 1: Photographs of a standing horse, illustrating the 4 different
head and neck positions used in this study.
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Tables 3–5 show the distribution of laryngeal function score
in relation to the different head-neck positions and gaits for 3
groups of horses, divided up in accordance to their laryngeal
function score in the reference position at trot.

There was no significant difference in laryngeal function
scores during exercise between the working disciplines
dressage and showjumping. Compared to these 2 groups
the group of pleasure riding showed a significantly higher
score.

Thirty-four out of 58 horses (58.6%) had an abnormal
respiratory noise during the exercise test. These horses were
significantly (P<0.05) more often diagnosed with a left-sided
laryngeal dysfunction during exercise than horses without an
abnormal respiratory noise.

During the exercise test, 7 combinations of head and neck
positions and gaits have been requested. Forty-seven out of 58
horses (81%) fulfilled all demanded requirements correctly. The

remaining 11 horses (19%) failed at least in one of the 7
combinations (7/11 in one combination and 4/11 in more than
one). Overall, 15 combinations (15/406; 3.7%) were rated as
not correctly performed. The combination canter-elevation
was found to be incorrectly implemented in 8 cases (53%),
canter-hyperflexion in 3 cases (20%), trot-elevation in 2 cases
(13.3%) and one case (6.6%) each in the combination
trot-hyperflexion and trot-unrestrained respectively.

Apart from laryngeal dysfunctions, the following upper
airway obstructions occurred during the exercise test: axial
deviation of the aryepiglottic fold (n = 1), dorsal displacement
of the soft palate (n = 5) and pharyngeal collapse (n = 5). Eight
horses (14%) were diagnosed with more than one upper
airway abnormality. Due to the few cases, a statement about
the relationship between head-neck position and the
occurrence of these upper airway obstructions could not be
drawn.

TABLE 1: Modified scoring system of laryngeal function from Rakestraw et al. (1991). Grades B and C were divided into sub-grades

Grade Description

A Full abduction of the arytenoid cartilage during inspiration
B 1 Transient partial abduction of the affected arytenoid cartilage and/or flutter of the vocal fold

2 Partial abduction of the affected arytenoid cartilage much of the time but in steady position, flutter of the
vocal cord

3 Partial abduction of the affected arytenoid cartilage much of the time but in steady position, transient
collapse of the vocal cord and/or laryngeal ventricle

C 1 Complete immobility of the affected arytenoid cartilage but in steady position
2 Immobility and collapse of the affected arytenoid cartilage less than to the midline of the rima glottidis during

inspiration
3 Immobility and collapse of the affected arytenoid cartilage into the contralateral half of the rima glottidis

during inspiration

TABLE 2: Number of horses and their corresponding laryngeal function score during exercise dependent on the grade of laryngeal function
at rest before sedation (written in normal style) and after sedation (written in italic style and in brackets)

Laryngeal
function at rest

Laryngeal function during exercise

A B1 B2 B3 C1 C2 C3

I 9 (2) 4 3 16 (2)
IIA 2 (7) 10 (11) 10 (7) 22 (25)
IIB (1) 1 (4) 7 (8) 1 (1) 9 (14)
IIIA (3) (1) 1 1 (4)
IIIB 2 (2) (1) 2 (3)
IIIC 1 (1) 1 (1) 2 (2)
IV 4 (4) 2 (2) 6 (6)

11 (10) 15 (15) 20 (18) 1 (2) 7 (7) 4 (4) 58 (56)

TABLE 3: Laryngeal function score in relation to the different head-neck positions and gaits for all horses diagnosed grade A (n = 25) in
reference position at trot. Note that the number of horses is not equal for every combination of contact position and gait, due to the fact
that data from some horses were excluded if the contact position was not performed correctly

Gait and head-neck position

Laryngeal function during exercise

A B1 B2 B3 C1 C2 C3

Trot reference 25 - - - - - -
Trot unrestrained 23 2 - - - - -
Trot elevation 22 1 - - - - -
Trot hyperflexion 11 1 - - - - -
Canter reference 15 7 3 - - - -
Canter elevation 1 10 1 - - - -
Canter hyperflexion 13 7 3 - - - -
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Discussion
No significant correlation between head-neck flexion and
presence or degree of laryngeal dysfunction in Warmblood
performance horses could be confirmed in the current study.
This contradicts the results of a previous study by van
Erck-Westergren (2011), in which a causal relationship
between rider intervention (including head and neck flexion)
and laryngeal function was found. It should be noted that in
the study by van Erck-Westergren (2011), the degree of poll
flexion was not standardised and is only described as an
increased head and neck flexion in comparison to free head
carriage. In the present study, only head-neck positions in
which the horses performed willingly without resistance to the
rider were investigated. Therefore, the possibility that an
enforced overbending – as presently discussed in the
equestrian community – may influence laryngeal function
could not be ruled out. Furthermore, in the study by van
Erck-Westergren (2011) the horses were first ridden with their
heads free and afterwards with increased head and neck
flexion, whereas in the present study the free head position
was investigated at the end of the exercise test. Therefore, the
intensity and duration of the exercise test and the resulting
fatigue are aspects that should be taken into account
regarding the different results of the 2 studies.

The hypothesis that alterations in head-neck position may
influence morphology and function of the upper airway is
based on the assumption that increasing flexion of the head
and neck leads to a decreasing diameter of the upper airway
(Cook 1965; Petsche et al. 1995). As a consequence, the
resistance to airflow increases and hence the absolute value
of the intraluminal negative pressure during inhalation,
especially in exercising horses, increases. The extent to which a
change in diameter influences airflow and pressure conditions

inside the upper airway is still not completely clarified. Since
the equine upper airway is not a circular tube of uniform
diameter and airflow within it is turbulent, Rakesh et al. (2008a)
came up with a new approach, showing that the radius of a
section of the upper airway affects the impedance to the
power of 0.85. However, this equation applies only for a
change in radius in a section of the upper airway and should
not be applied to the entire upper respiratory tract.

Previous research has already demonstrated that
head-neck positions affect the pharyngeal diameter
measured in sedated horses at rest (Linford et al. 1983; Cehak
et al. 2010), and in a recent study we could confirm that
head-neck position also affects the pharyngeal diameter of
horses during exercise (Go et al. unpublished data).

Furthermore, increased head-neck flexion is suspected to
increase the risk of the likelihood of pharyngeal wall collapse
(Smith et al. 1994; Barton et al. 2009) and promotes the
development of palatal instability (Boyle et al. 2006).

Head-neck flexion is even considered to be responsible for
inducing bilateral arytenoid cartilage and vocal fold collapse,
which has been reported in Norwegian Coldblooded Trotters
(Strand et al. 2004; Fjordbakk et al. 2008) and in a case report
about an Icelandic Horse (Hanche-Olsen 2010).

Recent investigations about the influence of head-neck
flexion on the area of the laryngeal opening have shown that
this area is significantly smaller in hyperflexion in comparison to
the normal contact position in ridden sport horses (Gehlen
et al. 2011). It should be noted that in the cited study it was not
taken into account that a modification of head-neck position
may result in a change of distance between the endoscope
and the larynx as well as in the viewing angle and hence could
affect the measured laryngeal opening. In the present study,
the association between the alteration of head-neck position

TABLE 4: Laryngeal function score in relation to the different head-neck positions and gaits for all horses diagnosed grade B (n = 23) in
reference position at trot

Gait and head-neck position

Laryngeal function during exercise

A B1 B2 B3 C1 C2 C3

Trot reference - 15 7 1 - - -
Trot unrestrained 3 12 4 2 1 - -
Trot elevation 1 15 6 1 - - -
Trot hyperflexion 2 12 8 - 1 - -
Canter reference 2 6 13 1 1 - -
Canter elevation 1 9 10 1 - 1 -
Canter hyperflexion 1 10 9 1 - 1 -

TABLE 5: Laryngeal function score in relation to the different head-neck positions and gaits for all horses diagnosed grade C (n = 10) in
reference position at trot

Gait and head-neck position

Laryngeal function during exercise

A B1 B2 B3 C1 C2 C3

Trot reference - - - - 6 4 -
Trot unrestrained - - 1 - 3 6 -
Trot elevation - - 2 - 4 3 1
Trot hyperflexion - - 1 - 2 6 1
Canter reference - - - - - 7 3
Canter elevation - - - - - 4 2
Canter hyperflexion - - 1 - 1 5 3
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and laryngeal function was analysed. Since the utilised
grading system is essentially based on laryngeal movement it
can be assumed that the angle at which the assessed
structures are viewed and the distance between the
endoscope and the larynx has no influence on the grading of
laryngeal function.

In the present study, a significant difference between the
laryngeal function score in the 2 investigated gaits could be
demonstrated. This could be explained by the generally
accepted fact that with increasing physical workload, the
breathing and airflow pattern changes as well.

It has been postulated by some authors that rider’s
intervention has a significant effect on the morphology and
stability of the upper airway, with head-neck flexion being the
main contributing factor causing dynamic collapse of the
upper airway or leading to deterioration of existing
pathologies (Davidson et al. 2002; Franklin et al. 2006; Allen
et al. 2011; van Erck-Westergren 2011). In terms of laryngeal
function, this could not be confirmed by the present study.

A conceivable explanation could be that the head-neck
position has a bigger impact on pharyngeal than on laryngeal
stability. This hypothesis is based on the fact that the larynx, in
contrast to the pharynx, is supported by cartilaginous
structures. In addition, the cross-section area of the fully
abducted larynx is 7% greater than that of the trachea and a
maximal abduction of the arytenoid cartilages may not be
necessary for sufficient ventilation (Rakesh et al. 2008b).
Furthermore, it is possible that the soft tissue boundaries of the
pharynx are stretched longitudinally during atlanto-occipital
extension, whereas these tissues are less stretched in a more
flexed head-neck position (Cook 1965; Strand et al. 2009). As a
result, the pharyngeal walls bulge inwards, partly due to the
reduced stretching, but also as a consequence of the
anatomical characteristics of the head. Since the deep
muscles of mastication (M. pterygoideus medialis and
M. pterygoideus lateralis) and the superficial muscle of the
intermandibular space (M. digastricus) are laterally limited by
the mandible, these structures can only evade medially if they
are less stretched or even compressed during increased
head-neck flexion. As shown by McCluskie et al. (2008), head
position significantly affects the position of the larynx in such a
way that flexed head position results in rostral advancement of
the larynx. This indicates that the structures of the upper
respiratory tract are laterally restricted and are compressed in
the longitudinal axis (concerning the sagittal plane) during
head-neck flexion.

It is well known that, apart from racehorses, performance
horses are never required to reach the point of maximal
ventilation coupled with complete physical exhaustion (Morris
1991). The results of the present study demonstrate that the
most critical factor for diagnosing a laryngeal malfunction in
sport horses is replicating their usually required level of work. As
most of the presented horses had a history of an abnormal
respiratory noise during their routine type of work, the
prevalence of laryngeal dysfunction (81%) in the present study
was very high despite the fact that the horses were not
exercised to the point of fatigue. Previous studies, which also
investigated horses with abnormal respiratory noise and/or
poor performance, reported a prevalence of 11–38%
(Kannegieter and Dore 1995; Martin et al. 2000; Tan et al. 2005;
Franklin et al. 2006; Lane et al. 2006b; Barakzai and Dixon
2011). The difference could be explained by the choice of
subjects. In the present study, only Warmblood horses have

been included whereas in the other studies mainly racehorses
(Thoroughbreds and/or Standardbreds) have been examined.
On closer inspection of the studies it becomes apparent that
the prevalence increases along with the amount of included
Warmblood horses. This confirms the hypothesis that laryngeal
dysfunction is the most frequent dynamic upper airway
obstruction in Warmblood horses (Davidson and Martin 2003;
Davidson et al. 2011).

In this study, the group of pleasure riding horses showed a
significantly lower laryngeal function score than the other 2
groups (dressage and showjumping). It is possible that these
differences result from the composition of the aforementioned
groups. Since the group of pleasure horses consisted in the
majority of horses not referred as patients (horses owned by
the university or the police unit), a biased distribution could be
suspected.

Failure of complete abduction of the left arytenoid
cartilage at rest is a reliable indicator for dynamic arytenoid
collapse during exercise and has been shown by several
researchers (Hammer et al. 1998; Martin et al. 2000; Barton
et al. 2011). The majority of horses which are able to attain and
maintain full arytenoid abduction at rest will be classified as
grade A during exercise (Morris and Seeherman 1990; Morris
1991; Rakestraw et al. 1991). However, in all reports there are
some horses with apparently normal laryngeal function at rest
that progress to complete laryngeal collapse during exercise
(Morris 1991; Kannegieter and Dore 1995; van Erck-Westergren
2011). In the literature, predictions of laryngeal function during
exercise of horses with grade III at rest have been very
unreliable. Some authors (Hammer et al. 1998; Martin et al.
2000) discovered that up to 80% of racehorses showing a
grade III left laryngeal hemiplegia at rest will have a significant
dynamic collapse of the arytenoid during strenuous exercise.
Controversially, another author (Rakestraw et al. 1991)
published that 80% of the horses with resting grade III were able
to maintain full abduction during exercise. Meanwhile, all
horses with grade IV left laryngeal hemiplegia at rest were
classified as grade C during exercise (Morris and Seeherman
1990; Kannegieter and Dore 1995; van Erck-Westergren 2011).

In accordance with previous studies (Morris and
Seeherman 1990; Hammer et al. 1998; Lane et al. 2006a;
Barton et al. 2011; Davidson et al. 2011), we found a significant
correlation between resting laryngeal function grade and the
grade of laryngeal function during exercise. All horses
classified as grade IV at rest were diagnosed with a grade C
laryngeal dysfunction during exercise. Horses with grade IIIB up
to grade IIIC laryngeal function at rest were also rated grade
C during exercise. All horses that showed laryngeal function
between grade I and grade IIIA at rest were classified grade A
or B during exercise.

The endoscopic examinations at rest were carried out with
and without sedation. The ability to abduct fully is always
determined by comparison between the left and the right
arytenoid cartilage and it can be assumed that both sides
would be affected equally by sedation. It has been suggested
that sedation may help to clarify endoscopic findings at rest to
identify early stages of recurrent laryngeal neuropathy (Cook
1989; Ohnesorge et al. 1993; Lindegaard et al. 2007; Löbert
2009). As in these studies sedation increased the severity of
laryngeal dysfunction, it has been hypothesised that muscle
relaxation induced by the sedatives imitates muscular fatigue
induced by exercise. In accordance with previous studies
(Ducharme et al. 1991; Lindegaard et al. 2007; Löbert 2009) we
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could reproduce an exacerbation of laryngeal function
grades with sedation in comparison to the grades without
sedation. However, as the present study shows, sedation did
not increase the predictive value of resting endoscopy in
comparison to the examination during ridden exercise.
Consequently, the examiner has free choice of whether or not
to use sedation during the endoscopy at rest for the diagnosis
of dynamic RLN.

Because dynamic RLN could not be predicted with
complete certainty by resting endoscopy, evaluation during
exercise should be performed in any case of doubt before
recommendations for treatment of equine athletes are made.
The results of the current study indicate that, concerning the
evaluation of laryngeal function, flexion of head and neck
during the exercise examination is not required, since it does
not influence laryngeal function.
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Summary
Viral causes of abortion include equine viral arteritis (EVA) and
infection with equine herpesviruses-1 and -4 (EHV-1 and
EHV-4). Transmission of equine arteritis virus (EAV) occurs
through respiratory, venereal or transplacental routes.
Horizontal respiratory transmission of EAV results from exposure
to infective nasopharyngeal secretions from acutely infected
horses. For this transmission to occur, direct and close contact
between horses is necessary. Venereal infection is an efficient
method of transmission, with seroconversion of 85 to 100%
of seronegative mares bred to virus shedding stallions.
Asymptomatic carrier stallions are the essential natural
reservoir of equine arteritis virus. Equine herpesviruses-1 and -4
infect a susceptible host, replicate and establish a lifelong
latent infection without any associated clinical signs.
Reactivation of latent infections can result from factors such as
stress and intercurrent disease. The control of these diseases is
by implementation of appropriate management and hygiene
measures, supplemented by vaccination and, in the case of
EVA, by the identification of persistently infected stallions,
which can be removed from breeding or continue to be bred
to if managed under controlled conditions to prevent the risk of
an outbreak of the disease.

Introduction
Abortion in horses may result from a variety of causes.
Infectious agents, such as bacteria, viruses or fungi, may infect
the fetus or its membranes resulting in fetal death and
abortion. Other noninfectious factors connected with the
mare, fetus or external agents may also cause loss of the
embryo or fetus. These factors include twinning, congenital
defects, progesterone or nutritional deficiencies, ergot
alkaloid toxicity, umbilical cord torsion and exposure to Eastern
tent caterpillars. The significant viral causes of abortion include
the following diseases: equine viral arteritis (EVA) and equine
herpesvirus-related diseases, which may be due to infection
with either of 2 closely related herpesviruses: equine
herpesvirus-1 (EHV-1) or less frequently, -4 (EHV-4).

Equine viral arteritis
Equine viral arteritis is a highly contagious viral infection that
can cause a high rate of abortion among susceptible
pregnant mares. The disease is caused by equine arteritis virus
(EAV). This virus is present in horse populations in many
countries. A significant percentage of stallions may become
carriers of the virus. Equine arteritis virus was first isolated
from the lung of an aborted fetus in 1953 following an outbreak
of respiratory disease and abortion on a Standardbred
breeding farm near Bucyrus (Ohio, USA) (Doll et al. 1957a,b).

After the isolation of the causative agent and description of
characteristic vascular lesions, the virus was called equine
arteritis virus (Jones et al. 1957).

Aetiology
Equine arteritis virus is a member of the Arteriviridae family (Van
Regenmortel et al. 2000). Virions are 60 nm in diameter with an
isometric nucleocapsid of about 35 nm in diameter,
surrounded by a lipid envelope which possess 12–15 nm
ring-like surface structures. They contain a single molecule of
linear, positive-sense RNA (De Vries et al. 1996; Snijder and
Meulenberg 1998; Ziebuhr et al. 2000). Equine arteritis virus is
readily inactivated by lipid solvents and by common
disinfectants and detergents. Under laboratory conditions, EAV
(Bucyrus strain) can retain infectivity in a tissue culture medium
for >75 days at 4°C, for 2–3 days at 37°C and for 20–30 min at
56°C (Konishi et al. 1975).

Epidemiology
Serological surveys have shown that EAV occurs in Europe,
North and South America, Africa, Asia and Australia (Timoney
and McCollum 1993a). The seroprevalence of EAV infection
varies between countries and also among horses of different
breed and age (Timoney and McCollum 1988; Golnik and
Sordyl 2004).

Differences in the seroprevalence between different horse
breeds may indicate the importance of the host genotype for
susceptibility to infection. Relatively high seroprevalence in
some horse breeds may be connected with specific
management practices which increase the risk of exposure to
the virus (Crabb and Studdert 1996).

In spite of its worldwide circulation, EAV causes
disease outbreaks only from time to time (Timoney and
McCollum 1993b). The conspicuous difference between the
ubiquitousness of the virus and recorded outbreaks of the
disease may indicate a lack of knowledge on the part of
owners and veterinarians about EVA, limitations in accessible
diagnostics, confusion with another equine disease and
subclinical infection with EAV. The increasing number of
confirmed outbreaks of EVA in the 1990s can be related
to increased international horse transport and use of
artificial insemination in the equine industry (Crabb and
Studdert 1996).

Pathogenesis
The pathogenesis of EVA is still not entirely clear. Many of the
clinical manifestations of EVA result from vascular injury
(Balasuriya and MacLachlan 2007). After infection,
multiplication of virus is known to take place in alveolar
macrophages and sites in the upper respiratory tract. The virus

48

© 2013 EVJ Ltd

EQUINE VETERINARY EDUCATION / AE / JANUARY 2014

mailto:barbara.bazanow@up.wroc.pl


migrates to the bronchial lymph nodes where further
replication takes place and the virus is disseminated
throughout the body via the blood stream. The following tissue
sites are secondary locations of virus replication: the epithelia
of adrenals, kidneys, seminiferous tubules, liver and the thyroid,
and the mesothelium and cells of the tunica media (Breese
and McCollum 1973; Timoney and McCollum 1993b).
Localisation of EAV may involve the endothelium and medial
myocytes (Del Piero et al. 1997). Damage of endothelial cells
could lead to anoxia and thrombosis (Estes and Cheville 1970).
Equine arteritis virus is not detected beyond 28 days after
infection other than from semen of carrier stallions (Timoney
et al. 1986b; Neu et al. 1988).

The pathogenesis of EAV abortion is not fully known and
some different, but not mutually exclusive mechanisms, have
been proposed to explain EAV. One of the oldest theories
proposed is that abortion is the result of a lethal fetal infection
not connected with the dam because it usually coincides with
early maternal convalescence (Doll et al. 1957b). Other
authors suggest that abortion results from damaged uterine
and placental blood supply because of systemic vascular
necrosis in the mare (Jones et al. 1957). According to another
theory, abortion is the result of a fetal infection which leads to
death rather than myometritis or a placental damage that
impairs progesterone synthesis, leading to fetal expulsion
(Coignoul and Cheville 1984). MacLachlan et al. (1996)
contend that fetal stress and subsequent activation of the
fetal hypothalamic-pituitary axis, as a consequence of viral
infection of the developing fetus, might contribute to the
pathogenesis of EVA-induced abortion.

Transmission
Transmission of EAV occurs through respiratory, venereal or
transplacental routes.

Horizontal respiratory transmission of EAV is the result of
exposure to infective nasopharyngeal secretions from acutely
infected horses. These secretions can be highly infectious, with
titres of EAV for some 7–14 days during the acute phase of
infection (McCollum et al. 1971). For this transmission to occur,
direct and close contact between horses is necessary
(Timoney and McCollum 1988). Blood, lacrimal fluid, urine,
faeces, vaginal secretions and aborted fetus, placenta and
amniotic fluid may also contribute to horizontal virus spread
(Fukunaga et al. 1981; Cole et al. 1986). Horizontal infection
poses a threat to pregnant mares, which can result in abortion
(de Vries et al. 1996). The other important route of natural
transmission of the virus is venereal transmission of EAV through
the use of semen from an EAV carrier stallion. Most acutely and
all persistently infected stallions shed virus in semen and may
be a source of infection through breeding or indirect contact
with stallion masturbates (Neu et al. 1988; Bürki et al. 1992).
Venereal infection is an efficient means of transmission with
seroconversion of 85–100% of seronegative mares bred to
shedding stallions (Timoney et al. 1986a). Mares can also be
infected by artificial insemination with infective semen
(Balasuriya et al. 1998). However, venereal transmission from
acutely infected mares to stallions has not been proven (De
Vries et al. 1996). Transplacental transmission of the virus in
mares infected in late gestation may result in a foal with
congenitally acquired EAV infection. These foals may develop
a rapidly progressive, fulminating interstitial pneumonia and
fibronecrotic enteritis; however, the virus is not teratogenic

(Timoney and McCollum 1993b). Transmission earlier in
gestation can result in abortion (Golnik et al. 1981; Del Piero
et al. 1997).

Asymptomatic carrier stallions are the principal natural
reservoir of EAV. Persistently infected stallions can be divided
into 3 categories on the basis of the duration of the
virus shedding (Timoney et al. 1987). The short-term or
convalescent carriers shed the virus in semen for 2–5 weeks, an
intermediate carrier state lasts for 3–8 months and long-term or
chronic carriers contain the virus in their sperm for years and
perhaps even for life (Timoney and McCollum 1993b) Some
persistently infected horses cease to shed virus after periods
between 18 months and 10 years with no apparent reversion
later to a shedding state (Timoney and McCollum 1993b). The
mechanism of persistence of EAV in the male reproductive
tract is unknown, but it appears to be testosterone-dependent
(Little et al. 1992). Persistently infected stallions castrated and
treated with testosterone continued to shed the virus in semen
as opposed to untreated animals (Little et al. 1992). The virus
has not been isolated from the reproductive tract of mares
later than one month after infection or from convalescent
mares (McCollum and Timoney 1984).

Clinical features
Most natural infections are asymptomatic (McCollum and
Bryans 1973) or pyrexia of up to 41°C occurs. In addition, any
combination of the following clinical signs can be observed:
anorexia, depression, conjunctivitis and respiratory signs with
rhinitis, rhinorrhoea, nasal and ocular discharge, epiphora
and oedema of the palpebra, abdomen, prepuce and
scrotum or mammary glands. Sometimes urticarial rash and
stiffness of gait are present. Less frequently, ataxia, mucosal
papular eruptions, shoulder oedema and submaxillary
lymphadenopathy have been observed (Del Piero 2000). In
natural cases of EVA, the clinical signs can vary significantly
among individual horses and between outbreaks and depend
on factors such as the age and physical condition of the horse,
route of infection, challenge dose, environmental conditions
and strain of virus (Slater 2007). In adult horses the course of
disease is rarely fatal. Pregnant mares which have had
contact with infective respiratory tract secretions from acutely
infected horses can frequently abort. Abortion rates vary
between <10% and >50% (Timoney and McCollum 1993b)
and generally occurs 10–33 days after EAV infection. It is
connected with the late febrile or early convalescent phase
but it can occur even if no clinical signs are observed (Bryans
et al. 1957). Frequently, but not invariably, aborted fetuses
are partially autolysed and do not show any gross and
microscopic lesions (De Vries et al. 1996), whereas
EHV-infected fetuses are expelled fresh and frequently have
characteristic gross lesions (Holyoak et al. 2008).

EHV-1 and EHV-4 infection
Before 1981, EHV-4 and EHV-1 were known as the same
virus, namely ‘EHV-1’, for which the synonyms ‘equine
rhinopneumonitis virus’ and ‘equine abortion virus’ were
universally used. It was supposed that ‘EHV-1’ caused
respiratory disease (equine rhinopneumonitis), established
latent infection and subsequently caused abortion, as an
unpredictable sequel following reactivation of latency in
pregnant mares. It was assumed likewise in the case of
occurrence of EHV-1 neurological disease (Crabb and
Studdert 1996).

© 2013 EVJ Ltd

49EQUINE VETERINARY EDUCATION / AE / JANUARY 2014



The result of restriction endonuclease DNA fingerprints
(Sabine et al. 1981; Studdert et al. 1981; Turtinen et al. 1981)
revealed that what had been designated ‘EHV-1’ really
comprised 2 different viruses. In 1988, The Herpesvirus Study
Group of the International Committee on Taxonomy of Viruses
(ICTV) accepted the proposal for the viruses to be designated
EHV-1 and -4 (Turtinen et al. 1981).

Aetiology
EHV-1 and -4 are related members of the Alphaherpesviridae
family and responsible for abortion and neurological disease
(Campbell and Studdert 1983; Allen and Bryans 1986; Crabb
et al. 1995). Virions are about 150 nm in a diameter with
complex and characteristic structures and include both
symmetric and nonsymmetric components (Homa and Brown
1997). The spherical virions comprise a core, capsid, tegumen,
and lipoprotein envelope. The core consists of the viral
genome, a single, linear, double stranded (ds) DNA molecule
(Van Regenmortel et al. 2000). EHV-1 and -4 are closely related
but are genetically, antigenically and pathogenitically
different from EHV-2, -3 and -5 (Allen et al. 1977; Staczek et al.
1983; Crabb and Studdert 1993).

Both EHV-1 and -4 are environmentally labile and quickly
destroyed by lipid solvents, heat, detergents and disinfectants
(Doll et al. 1959a). Environmental persistence of EHV is
relatively short, estimated to be below 7 days in most
conditions with a maximum survival of 35 days (Doll et al.
1959b).

Epidemiology
The main reservoir of EHV is the latently infected horse. Equine
herpesvirus-1 most often causes abortion in mares, while
EHV-4 is usually associated with respiratory disease in young
horses. Although both viruses have the potential to cause
respiratory disease, abortion and equine herpesvirus
myeloencephalopathy (EHM), cases of EHV-4 related abortion
and neurological disease are rare (Slater 2007).

Epidemiological research indicates that primary infection is
acquired within the first few weeks or months of life, usually
before or just after weaning, from adult mares that exhibit no
clinical signs of disease and shed virus (Gilkerson et al. 1999).

The life styles of EHV-1 and -4 are represented by 1) early
and widespread infection of young horses, 2) a high
prevalence of latently infected carrier horses and 3)
transmission of virus from latently infected adults to new
generations of equines (Slater 2007).

Pathogenesis
The upper respiratory tract is the natural gateway of entry for
EHV-1 and -4 and the respiratory mucosal epithelium is the
main target for infection (Allen and Bryans 1986; Gibson et al.
1992; Allen et al. 2004). Close physical contact with a horse,
that shed virus or inhalation of infectious aerosol may
contribute to respiratory infection. The efficacy of respiratory
transmission and active spread of herpesvirus infections is less
than that observed with equine influenza virus (Allen 2002b).

Primary EHV-1 replication occurs in epithelial cells of the
upper respiratory tract and local lymph nodes resulting in a
leucocyte-associated viraemia, which can persist for at least
14 days (Patel et al. 1982; Kydd et al. 1994; Lunn et al. 2009).
This leucocyte-associated viraemia in an acute infection has
been shown to be a precondition for abortion by initiating

replication of EHV-1 in endothelial cells of blood vessels in the
pregnant uterus. It is likely that this mechanism also occurs in
abortions which occur long after an acute primary infection
caused by reactivated virus from latently infected leucocytes
(Patel et al. 1982; Smith et al. 1993). Detection of EHV-1 in an
aborted fetus is sometimes more difficult in cases where there
is widespread infection of endometrial blood vessels resulting
in a severe vasculitis and multifocal thrombosis than in cases of
less extensive uterine vascular pathology. In the latter situation,
the virus can transfer across the uteroplacental barrier and it is
possible to detect it in the aborted fetus. If transplacental
EHV-1 infection occurs near term, the foals can be born alive,
but usually die a few days later from a fulminent interstitial
pneumonia (Smith et al. 1992, 1993).

Uterine endothelial cells are more susceptible to infection
with EHV-1 in late pregnancy compared with early pregnancy,
so mares abort usually at 6–11 months of gestation (Bryans
1978; Slater 2007). This is related to the level of hormones
such as serotonin, thromboxanes, prostaglandins and serum
gonadotropin in the pregnant mare (Robinson and Maxie
1993). Hormonal stability of the placenta in response to
vascular injury in early gestation can be reason of resistance
of the pregnant mare to EHV-1 abortion during this time
(Edington et al. 1991). Some investigations showed that
plasma fibrinogen, factor VIII:C and Von Willebrand factor
activity gradually increase from mid-gestation to delivery in
normal mares and this may contribute to thrombosis in
virus-infected endometrial endothelium and enhance the risk
of abortion in the final third of pregnancy (Gentry et al. 1992).

In cases of abortion which occur up to 6 months, the
fetuses are usually autolysed. Tissue from aborted fetuses
shows a range of macroscopic and microscopic lesions. In late
abortions (after 7 months) lesions are visible in about 25% of the
cases (Doll and Bryans 1962).

In comparison to EHV-1, EHV-4 has a much lower
endotheliotropism. Most EHV-4 strains do not give rise to a
cell-associated viraemia and consequently, rarely cause
abortion or neurological disease (Patel et al. 1982). However,
some isolates of EHV-4 have the capacity to cause a
cell-associated viraemia and can replicate in uterine and/or
fetal endothelial cells and cause abortion (Whitwell et al.
1994).

Usually EHV-4 infections are cleared from the respiratory
tract after 7–20 days post primary infection and within 2–7 days
of subsequent infections (Allen et al. 2004). The actual
pathogenesis of EHV-4 infection has not been fully
determined. It is similar to EHV-1 because the early mucosal
phase is connected with infection of the respiratory tract and
its associated lymphoid system. Finally, viral DNA can persist in
the trigeminal ganglia, certain subpopulations of circulating
lymphocytes and reticuloendothelial cells associated with the
respiratory tract, following recovery from infection (Welch
et al. 1992; Borchers et al. 1997).

Latency
Equine herpesviruses-1 and -4 are capable of staying dormant
in a carrier horse for a long time, probably for life, without any
associated clinical signs. On large equine breeding
establishments, EHV-1 infection occurs in the first weeks or
months of life and current vaccines and control practices
cannot prevent this occurring (Gilkerson et al. 1999). Latency
in infected horses is established in lymph nodes associated
with the respiratory tract, CD8+ T lymphocytes and in neurons
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within the trigeminal ganglia (Pusterla et al. 2010). Viral DNA
can also be detected in other locations, but it is unknown
whether the virus is capable of undergoing reactivation from
these sites (Nordengrahn et al. 2002). Influence of factors such
as stress, transport, co-mingling of horses and intercurrent
disease, can lead to reactivation of latent infection (Edington
et al. 1985). Reactivation of EHV-1 may result in mild respiratory
disease (Kydd et al. 1994) and if it occurs in mares which have
not previously aborted an EHV-1 infected fetus, they may
abort (Campbell and Studdert 1983). It may take place weeks
or months post infection, after the period of the
cell-associated viraemia that follows virus reactivation from
the trigeminal ganglia or lymphatic tissue within the respiratory
tract (Allen et al. 1998). Reactivation of latent EHV-4 will usually
cause recurrent disease in the host accompanied by virus
shedding from the nasopharynx in the absence of clinical signs
(Allen et al. 2004).

A recent study conducted in the USA among a healthy
horse population, demonstrated that subclinical shedding of
EHV-1 is rare and when it does occur it is at a very low level that
might not pose an infectious disease threat to other horses
(Pusterla et al. 2008). These observations contrast with the
paradigm of common subclinical transmission of EHV-1, at
least in the absence of neonatal and juvenile horse
populations and imply that a spread of EHV-1 among adult
horses is typically accompanied by clinical disease (Lunn et al.
2009). However, the Australian studies report a silent cycle of
EHV-1 transmission and do suggest that mares are the source
of this virus, in the absence of outbreaks of disease (Gilkerson
et al. 1999).

Transmission
Equine herpesviruses-1 and -4 can spread via the respiratory
route, through contact with an infected animal or aborted
fetus, via contaminated equipment or via handler’s clothing
and hands (Kydd et al. 1994) The most common transmission
route is via the respiratory tract by aerosolised respiratory
secretions. Infection can also occur by inhalation of droplets
from surfaces or by ingestion. All horses with clinical disease
and horses in which reactivation of latency has taken place
are considered to be infectious by the respiratory route, even
virus-shedding adult horses may exhibit no clinical signs.
Aborted foals, placental fluids and fetal membranes contain
large quantities of virus and are especially hazardous (Slater
2007). EHV-1 can also infect conjunctival epithelium, probably
through aerosol contact (Kydd et al. 1994). In experimental
intranasally infected pony foals and pony stallions, EHV-1 was
found in the epididymis and testis. Semen of these horses can
be source of the virus even after the cessation of viraemia
(17–25 days after infection) (Tearle et al. 1996).

Clinical features

Abortion
It has been reported that pregnant mares abort suddenly,
without any evidence of previous respiratory tract infection,
14–120 days after exposure (Doll and Bryans 1962; Smith et al.
1992). Abortion caused by EHV-1 may be sporadic or result in
multiple abortions (‘abortion storms’). Abortion rates in such
situations can reach up to 75% (Doll and Bryans 1963; Mumford
et al. 1987; Smith et al. 1996).

Abortion may occur when the mare is still standing or soon
after lying down. The fetus is often still enveloped in its amniotic

membrane and is usually expelled together with the placenta
(Allen et al. 2004). Sometimes, fetuses are born alive, but suffer
from respiratory distress. Progression of the disease is rapid and
can be accompanied by other signs such as pyrexia,
leucopenia, hypoxia, lethargy and diarrhoea. Affected foals
fail to nurse, exhibit severe respiratory distress and eventually
die within 10–14 days (Allen et al. 2004; Slater 2007). The
reproductive potential of a mare that has aborted is not
adversely affected. The majority of mares can become
pregnant a short time after aborting and foal normally in the
following year. Accordingly, EHV-1 infection rarely is a cause of
abortion in successive years. Infrequently, however, mares can
become reinfected and abort again (Bryans 1969; Allen et al.
2004). Occasionally, EHV-4 is a cause of abortion. Clinical signs
of such abortions are similar to those of EHV-1 abortion, but
abortion storms caused by EHV-4 have not been recorded
(Allen et al. 2004).

EHV-1 is generally cleared from the respiratory tract within
3 weeks of primary infection and 1–2 weeks following
subsequent infections (Gibson et al. 1992). The duration of
nasal shedding of EHV-4 is usually more transient than for EHV-1
(Slater 2007).

Respiratory disease
Equine herpesvirus-1, in comparison to EHV-4, is not so
commonly found to be the cause of clinically apparent
respiratory disease (Wood et al. 2005). Both viruses generally
cause disease limited to the upper respiratory tract, but in
immunocompromised, neonatal and other naïve young
animals, these viruses can also cause severe lower respiratory
tract infection which can lead to secondary bacterial
bronchopneumonia. These foals develop progressive disease,
with depression, tachypnoea, dyspnoea and pyrexia (Slater
2007). In previously infected horses, respiratory signs may be
mild and duration of illness may be short-lived (Kydd et al.
1994). In older horses, clinical signs may be entirely absent. This
applies especially to pregnant mares and mature horses that
develop neurological disease which may not show any
respiratory signs before abortion or onset of neurological
dysfunction (Goehring et al. 2005). Similarly, reactivation of
latent EHV-1 or -4 usually results in asymptomatic virus shedding
and viraemia of limited duration (Slater 2007).

Neurological disease
Equine herpesvirus myeloencephalopathy (EHM) is becoming
more frequent and can be a devastating disease (Kohn and
Fenner 1987). Equine herpesvirus myeloencephalopathy is not
restricted by pregnancy, age, or gender and can occur in all
categories of horses (Greenwood and Simson 1980). It is
assumed that transmission is via the respiratory route although
endogenous reactivating virus may also be a source of
infection. Neurological signs usually occur during, or towards
the end of, the viraemic phase of infection, similar to the
pathogenesis of abortion. Neurological signs are highly
variable in range and severity and depend on the extent and
location of the neurological lesions in the spinal cord and kind
of lesion (Goehring et al. 2005; Slater 2007).

Diagnosis of EAV, EHV-1 and EHV-4

Equine arteritis virus
Antibodies to EAV can be detected by a virus neutralisation
test (VNT), complement fixation test (CF) or enzyme-linked
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immunosorbent assay (ELISA) within a week after infection
(Fukunaga and McCollum 1977). Neutralising antibodies
generally persist for years and it is believed immunity against
the disease is long-lasting, if not lifelong (Gerber et al. 1978). A
neutralisation antibody dilution titre of 1:4 or greater is
regarded as positive. For virus isolation, the rabbit kidney
(RK-13) line is routinely used. Virus is very frequently isolated on
first or second passage in cell culture (Timoney 2012);
development of cytopathic effect (CPE) in inoculated cells is
indicative of the presence of the virus.

Immunofluorescence, immunoperoxidase staining or
neutralisation tests are needed to confirm the identity of a viral
isolate. For detection of nucleic acid, reverse transcriptase-
polymerase chain reaction (RT-PCR), nested RT-PCR (RT-nPCR)
and real-time RT-PCR assays have been developed (Balasuriya
and MacLachlan 2007).

Equine herpesvirus-1 and -4
The diagnosis of EHV-1 or -4 infection can be by PCR, virus
isolation or by fluorescent antibody testing. Specimens for virus
isolation are usually placenta, lung, spleen, liver and kidney of
an aborted fetus which, after preparation of a tissue
suspension, are inoculated onto equine or rabbit monolayer
cell cultures. If the virus is present, CPE is visible within 24–48 h
post injection at which time infected cells are harvested and
PCR on electron microscopy (EM) used to identify the virus as
a herpesvirus. To determine the identity of the virus either PCR
(Kirisawa et al. 1993), ELISA (Yeargan et al. 1985) or DNA
fingerprint (Studdert 1983) can be used.

Serological testing, which demonstrates a 4-fold or higher
increase in serum antibody titre by VNT or CF test, on acute
and convalescent samples collected 7–21 days apart,
provides presumptive evidence of EHV infection (Kydd et al.
2006). The drawback of serological tests such as VN, CF is the
fact that they do not distinguish between antibodies to EHV-1
or EHV-4; however, commercially available ELISA kits for
example Svanovir EHV-1/EHV-4-Ab ELISA1 are able to
differentiate antibodies to EHV-1 from those due to EHV-4
(Crabb and Studdert 1993; Crabb et al. 1995; Hartley et al.
2005; Gür and Yapici 2008).

Prevention and control of EAV and EHV-1
and EHV-4

Equine viral arteritis
Carrier stallions have a significant role in the maintenance and
spread of EAV infection in breeding populations. Outbreaks of
EAV can be prevented through identification of persistently
infected stallions and implementation of management
practices to avert the introduction of EAV-infected horses.
Stallions should be tested to determine their serological status
for antibodies to EAV. If stallions are found serologically positive
they should be tested for presence of the shedding state by
virus isolation in tissue culture, RT-PCR or by test breeding to
at least 2 seronegative mares. The mares are tested for
the presence of anti-EAV antibodies 14 and 28 days after
breeding. Stallions that are confirmed carriers and shedders of
virus in semen are castrated in some countries, in others they
are kept physically isolated and bred only to naturally
immunised or vaccinated mares. After being bred to a
shedding stallion for the first time, the mare should be isolated
for 3 weeks from any horses seronegative for antibodies to the

virus. It is important to keep carrier stallions isolated because it
avoids the risk of contamination of equipment and premises
with the virus.

If an outbreak of EVA is suspected on a farm, the
appropriate veterinary authorities should be notified and
affected and in contact horses isolated. Restrictions of
movement of horses on and off the affected premises,
vaccination of at risk horses and ceasing breeding activity to
prevent further spread of the virus should be implemented.
Diagnosis of EAV should be confirmed by laboratory testing as
soon as possible. Stalls and equipment on the affected
premises should be thoroughly sanitised with an appropriate
disinfectant. Equine arteritis virus is susceptible to chlorine
phenolic compounds, iodine and quaternary ammonium
compounds. Quarantine is lifted when clinical signs of disease
or serological evidence of infection have not been observed
for at least 3 weeks (Slater 2007).

The goals of vaccination against EAV are protection of
stallions and 6–12 month old colts against infection and the
possibility of subsequent development of the carrier state,
immunisation of seronegative mares before being bred
with EAV-infective semen and reduction of outbreaks in
nonbreeding populations (Anon. 2012, http://www.aaep.org/
eva.html). A modified live-virus attenuated vaccine against
EAV (Arvac)2 is available on the market in the USA and
Canada. It has also been used in New Zealand, subject
to ministerial controls, as a part of the EVA eradication
programme in that country. The second type of vaccine which
is a killed or inactivated vaccine (Equip Artervac, formerly
Artervac)2 is licensed for commercial use in certain European
countries, including Denmark, France, Germany, Hungary,
Ireland, Sweden and the UK. It is recommended to vaccinate
horses at 3 or more weeks before breeding (Timoney 2012).

The vaccination of pregnant mares is not encouraged,
particularly during the last 2 months of gestation, unless they
are at risk of a natural exposure (Doll et al. 1968). In some
countries, vaccination against EVA is banned because the
available vaccines do not distinguish between vaccinated
animals and horses seropositive through natural exposure to
infection.

Equine herpesvirus-associated abortion
For prevention and control of EHV-1 disease, the following
practices have been described: prevention of disease entry
onto premises; stress reduction; limiting the spread of EHV
infection on a premises and adjacent horse areas and
vaccination (Slater 2007). The greatest danger of exogenous
infection is introduction of new horses into established groups.
The addition of new animals to the herd should be, if possible,
avoided or preceded by a 21 day period of isolation (Allen
2002a).

For maximum protection, group size should be as small as
the physical facilities allow and different age groups should
not be mixed. Pregnant mares should be kept separate from
all other horses on the premises and should be subdivided into
small groups to reduce the risk of outbreaks. Mares in the
last third of pregnancy, when the risk of EHV-1 abortion is the
highest, should be considered most at risk. In case of
suspected EHV-1 infection, the horse should be isolated and
appropriate clinical samples should be collected and
immediately transported to a diagnostic laboratory under
chilled (but not frozen) conditions (Allen 2002a; Slater 2007). All
discharges from the infected horse should be removed and
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the area cleaned and disinfected using an appropriate
chemical disinfectant. The underlying goal of outbreak control
procedures is limiting further spread of disease to adjacent
premises and this requires efficient communication among
premises’ owners, veterinarians and other parties working with
the affected premises (Allen 2002a; Slater 2007).

To minimise the risk of infection in established herds, new
arrivals should ideally have been vaccinated before arrival
and should be kept in isolation from other horses until sufficient
time (3–4 weeks) has elapsed for disease to become apparent
(Slater 2007).

The goal of vaccination against EHV-1 and -4 is to protect
horses against respiratory disease and prevent abortion.
Although there is limited evidence from the literature of some
cross protection between EHV-1 and -4, it is generally
accepted that in order to enhance the immune responses to
EHV, current vaccines should contain both EHV viruses (Minke
et al. 2004). The first vaccines against EHV-1 contained
inactivated EHV-1 prepared from the tissues of infected
hamsters and were used as a part of a ‘planned infection’
control programme for immunising mares against abortion in
Kentucky many years ago (Doll et al. 1959a). The next
inactivated vaccines were prepared with different adjuvants
(Thompson et al. 1979). They gave only partial clinical and
virological protection against respiratory infection with EHV-1
and -4 and did not prevent cell-associated viraemia. Despite
high VN antibody titres, mares have aborted an infected fetus
after inoculation early in gestation with live virus and then
reinoculation 4–6 months later (Doll et al. 1955; Doll and Bryans
1963). There are now a variety of live (Rhinomune [Rhino-Flu])2

and inactivated (Duvaxyn EHV-1/-4 [Equi Vac EHV-1/-4]3;
Equiffa4; Prestige [Resequin])5 Some contain only EHV and
some combine EHV with other equine disease agents.
Immunity after vaccination against reinfection is not long
lasting and it is therefore recommended that mares are
vaccinated late in gestation in an effort to prevent abortion. In
the case of an inactivated whole EHV-1/-4 vaccine
adjuvanted with carbomer, a 6 month protection period has
been previously reported (Minke et al. 2004; Van de Walle
et al. 2010).

Conclusions
Abortogenic viruses are the one of most important causes of
abortion in horses. Equine arteritis virus and EHV-1 and -4 can
be responsible for significant economic loses. The control of
these diseases is through an implementation of appropriate
management and hygiene measures and vaccination, the
latter provides relative but not absolute protection against
equine herpesvirus-associated abortion.

According to research conducted in central Kentucky
during 1988 and 1989 foaling seasons, after the introduction of
widespread vaccination against EHV-1, the number of fetal
and neonatal foal losses decreased significantly (Hong et al.
1993). This is a source of encouragement for breeders
to implement systematic vaccination, even though
vaccination is not wholly efficient; most vaccines do not
prevent infection but only reduce the clinical outcome of
infection. Optimal protection is obtained when regular
vaccination is implemented for some years. In the case of EVA,
outbreaks can be prevented by systematic testing of horses to
determine their serological status for EAV antibodies. Semen of
seropositive stallions should be investigated virologically to
detect virus shedding. Stallions confirmed virus carriers can be

removed from breeding or kept in isolation until their semen no
longer tests positive for virus. To reduce the prevalence of EAV
infection in horse populations, carrier stallions, which shed the
virus constantly in their semen, should be castrated or used
under strictly controlled breeding conditions.

Authors’ declaration of interests
No conflicts of interest have been declared.

Manufacturers’ addresses
1Svanova Biotech AB, Uppsala, Sweden.
2Pfizer, Zoetis now, New York City, USA.
3Fort Dodge, Zoetis now, New York City, USA.
4Merial, A Sanofi Company headquarter in the North America: Duluth,
Georgia, USA; Quebec, Canada, in Europe: Lyon, France;
Hallbergmoos, Germany; Milano, Italy; Velserbroek, Netherlands;
Barcelona, Spain; Essex, UK and Ireland; Wien, Austria; Diegem, Belgium;
Helsinki, Finland; Oslo, Norway, Malmö, Sweden; Rio de Mouro, Portugal.
5Intervet, (since 29 June 2011) Merck Animal Health in USA and
Canada, New York City, United States and MSD Animal Health in other
country Boxmeer, the Netherlands.

References
Allen, G.P. (2002a) Epidemic disease caused by equine herpesvirus-1:

recommendations for prevention and control. Equine Vet. Educ. 14,
136-142.

Allen, G.P. (2002b) Respiratory infections by equine herpesvirus types 1
and 4. In: Equine Respiratory Diseases, Ed: P. Lekeux, International
Veterinary Information Service, Ithaca, New York. pp 1-14.
http://www.ivis.org

Allen, G.P. and Bryans, J.T. (1986) Molecular epizootiology,
pathogenesis, and prophylaxis of equine herpesvirus-1 infections.
Prog. Vet. Microbiol. Immunol. 2, 78-144.

Allen, G.P., Kydd, J.H., Slater, J.D. and Smith, K.C. (1998) Advances in
understanding of the pathogenesis, epidemiology and
immunological control of equine herpesvirus abortion. In: Equine
Infectious Diseases, Vol. VIII, Eds: U. Wernery, J.F. Wade, J.A. Mumford
and O.R. Kaaden, R&W Publications Ltd, Newmarket.
p 129.

Allen, G.P., Kydd, J.H., Slater, J.D. and Smith, K.C. (2004) Equid
herpesvirus-1 (EHV-1) and -4 (EHV-4) infections. In: Infectious
Diseases of Livestock, Eds: J.A.W. Coetzer and R.C. Tustin, Oxford
Press, Cape Town. pp 829-859. Chapter 76.

Allen, G.P., O’ Callaghan, D.J. and Randall, C.C. (1977) Genetic
relatedness of equine herpesvirus types 1 and 3. J. Virol. 24, 761-767.

Anon. (2012) Codes of practice extract for contagious equine metritis
(CEM), Klebsiella pneumonia and Pseudomonas aeruginosa.
Horserace Betting Levy Board Parnell House 25 Wilton Road London.
http://www.aaep.org/eva.html

Balasuriya, U.B., Evermann, J.F. and Hedges, J.F. (1998) Serologic and
molecular characterization of an abortogenic strain of equine
arteritis virus isolated from infective frozen semen and an aborted
equine fetus. J. Am. Vet. Med. Ass. 213, 1586-1589.

Balasuriya, U.B. and MacLachlan, N.J. (2007) Equine viral arteritis. In:
Equine Infectious Diseases, Vol. 14, Eds: D.C. Sellon and M.T. Long,
Saunders Elsevier, St Louis. pp 153-164.

Borchers, K., Wolfinger, U., Lawrenz, B., Schellenbach, A. and Ludwig, H.
(1997) Equine herpesvirus 4 DNA in trigeminal ganglia of naturally
infected horses detected by direct in situ PCR. J. Gen. Virol. 78,
1109-1114.

Breese, S.S., Jr and McCollum, W.H. (1973) Electron-microscopic studies
of tissues of horses infected by equine arteritis virus. In: Proceedings
of the 3rd International Conference on Equine Infectious Disease,
Eds: J.T. Bryans and H. Gerber, S. Karger, Paris. pp 273-281.

Bryans, J.T. (1969) On immunity to disease caused by equine
herpesvirus-1. J. Am. Vet. Med. Ass. 155, 294-300.

© 2013 EVJ Ltd

53EQUINE VETERINARY EDUCATION / AE / JANUARY 2014

http://www.ivis.org
http://www.aaep.org/eva.html


Bryans, J.T. (1978) Immunization of pregnant mares with an inactivated
equine herpesvirus 1 vaccine. In: Equine Infectious Diseases, 4th
International Conference of Equine Infectious Diseases, Lyon, Eds:
J.T. Bryans and H. Gerber, Vet. Publ. Inc., Princeton, New Jersey. pp
83-92.

Bryans, J.T., Doll, E.R., Crowe, M.E.W. and McCollum, W.H. (1957) The
blood picture and thermal reaction in experimental viral arteritis of
horses. Cornell Vet. 47, 42-52.

Bürki, F., Hofer, A. and Nowotny, N. (1992) Objective data plead to
suspend import-bans for seroreactors against equine arteritis virus
except for breeder stallions. J. Appl. Anim. Res. 1, 31-42.

Campbell, T.M. and Studdert, M.J. (1983) Equine herpesvirus type 1
(EHV-1). Vet. Bull. 53, 135-146.

Coignoul, F.L. and Cheville, N.F. (1984) Pathology of maternal genital
tract, placenta, and fetus in equine viral arteritis. Vet. Pathol. 21,
333-340.

Cole, J.R., Hall, R.F., Gosser, H.S., Hendricks, J.B., Pursell, A.R., Senne, D.A.,
Pearson, J.A. and Gipson, C.A. (1986) Transmissibility and
abortogenic effect of equine viral arteritis in mares. J. Am. Vet. Med.
Ass. 189, 769-771.

Crabb, B.S. and Studdert, M.J. (1993) Epitopes of glycoprotein G of
equine herpesviruses 4 and 1 located near the C termini elicit
type-specific antibody responses in the natural host. J. Virol. 67,
6332-6338.

Crabb, B.S. and Studdert, M.J. (1996) Equine rhinopneumonitis (equine
herpesvirus 4) and equine abortion (equine herpesvirus 1). In: Virus
Infections of Equines, Ed: M.J. Studdert, Elsevier, Amsterdam.
pp 11-37.

Crabb, B.S., Drummer, H.E., Reubel, G.H., McPherson, C.M., Browning,
G.F. and Studdert, M.J. (1995) A type specific, serological test to
distinguish antibodies to equine herpesviruses 4 and 1. Arch. Virol.
140, 245-258.

De Vries, A.A.F., Rottier, P.J.M., Glaser, A.L. and Horzinek, M.C. (1996)
Equine viral arteritis. In: Virus Infections of Equines, Vol. 15, Ed:
M.J. Studdert, Elsevier, Amsterdam. pp 171-200.

Del Piero, F. (2000) Equine viral arteritis. Vet. Pathol. 37, 287-296.

Del Piero, F., Wilkins, P.A. and Lopez, J.W. (1997) Equine viral arteritis in
newborn foals: clinical, pathological, serological, microbiological
and immunohistochemical observations. Equine Vet. J. 29, 178-185.

Doll, E.R. and Bryans, J.T. (1962) Incubation periods for abortion in
equine viral rhinopneumonitis. J. Am. Vet. Med. Ass. 141, 351-354.

Doll, E.R. and Bryans, J.T. (1963) A planned infection program for
immunizing mares against viral rhinopneumonitis. Cornell Vet. 53,
249-262.

Doll, E.R., Bryans, J.T. and McCollum, W.H. (1957a) Isolation of a filterable
agent causing arteritis of horses and abortion by mares; its
differentiation from the equine abortion (influenza) virus. Cornell Vet.
47, 3-41.

Doll, E.R., Knappenberger, R.E. and Bryans, J.T. (1957b) An outbreak of
abortion caused by the equine arteritisvirus. Cornell Vet. 47, 69-75.

Doll, E.R., Bryans, J.T. and McCollum, W.H. (1959a) A procedure for
evaluating the antigenicity of killed virus vaccines for equine
rhinopneumonitis. Cornell Vet. 49, 212-220.

Doll, E.R., McCollum, W.H., Bryans, J.T. and Crowe, M.W. (1959b) Effect of
physical and chemical environment on the viability of equine
rhinopneumonitis virus propagated in hamsters. Cornell Vet. 49,
75-81.

Doll, E.R., Crowe, M.E.W., Bryans, J.T. and McCollum, W.H. (1955)
Infection immunity in equine abortion. Cornell Vet. 45, 387-410.

Doll, E.R., Bryans, J.T., Willson, J.C. and McCollum, W.H. (1968)
Immunization against equine viral arteritis using modified live virus
propagated in cell cultures of rabbit kidney. Cornell Vet. 58, 497-524.

Edington, N., Bridges, C.G. and Huckle, A. (1985) Experimental
reactivation of equid herpesvirus 1 (EHV 1) following the
administration of corticosteroids. Equine Vet. J. 17, 369-372.

Edington, N., Smyth, B. and Griffiths, L. (1991) The role of endothelial cell
infection in the endometrium, placenta and foetus of equid
herpesvirus 1 (EHV-1) abortions. J. Comp. Pathol. 104, 379-387.

Estes, P.C. and Cheville, N.F. (1970) The ultrastructure of vascular lesions
in equine viral arteritis. Am. J. Pathol. 58, 235-252.

Fukunaga, Y., Imagawa, H., Tabuchi, E. and Akiyama, Y. (1981) Clinical
and virological findings on experimental equine viral arteritis in
horses. Bull. Equine Res. Inst. 18, 110-118.

Fukunaga, Y. and McCollum, W.H. (1977) Complement fixation
reactions in equine viral arteritis. Am. J. Vet. Res. 38, 2043-2046.

Gentry, P.A., Feldman, B.F., O’Neill, S.L., Madigan, J.E. and Zinkl, J.G.
(1992) Evaluation of the haemostatic profile in the pre- and post
parturient mare, with particular focus on the perinatal period.
Equine Vet. J. 24, 33-36.

Gerber, H., Steck, F., Hofer, B., Walther, L. and Friedli, U. (1978)
Serological investigations on equine viral arteritis. In: Proceedings of
the 4th International Conference on Equine Infectious Diseases,
Lyon, Eds: J.T. Bryans and H. Gerber, Veterinary Publications, Inc.,
Princeton, New Jersey. pp 461-465.

Gibson, J.S., Slater, J.D., Awan, A.R. and Field, H.J. (1992) Pathogenesis
of equine herpesvirus-1 in specific pathogen- free foals: primary and
secondary infections and reactivation. Arch. Virol. 123, 351-366.

Gilkerson, J.R., Whalley, J.M. and Drummer, H.E. (1999) Epidemiological
studies of equine herpesvirus 1 (EHV-1) in thoroughbred foals: a
review of studies conducted in the Hunter Valley of New South Wales
between 1995 and 1997. Vet. Microbiol. 68, 15-25.

Goehring, L.S., van Maanen, C. and Sloet van Oldruitenborgh-
Oosterbaan, M.M. (2005) Neurological syndromes among horses in
The Netherlands: a 5 year retrospective survey (1999–2004). Vet. Q.
27, 11-20.

Golnik, W., Michalska, Z. and Michalak, T. (1981) Natural viral arteritis in
foals. Schweiz. Arch. Tierheilkd 123, 523-533.

Golnik, W. and Sordyl, B. (2004) Odsetek zakażeń naturalnych wirusem
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